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ELEMENTS     OF 


NATURAL     PHILOSOPHY. 


PART      IIL 

OUR  knowledge  of  the  various  conftituent 
principles  of  natural  bodies,  goes  no  farther 
than  their  more  ftriking  effects.  The  filnilarity 
of  fome  of  thofe  effefts,  and  the  difllmilarity  of 
others,  point  out  various  particular  properties  of 
tliofc  principles,  whence  we  arc  enabhd  ro  form 
certain  general  rules,  called  laws  of  nature.  There- 
fore it  follows,  that  with  refpccl  to  the  eflenrial  or 
fimple  ftate  of  thofe  principles,  we  can  only  form 
conjevftures,  or  offer  hypothefcs ;  yet  the  more  cir- 
cunifcribed  nature  of  fome  of  them,  renders  our 
hypotiietical  knowledge  of  their  effcncc  more  pro- 
bable, and  Ids  equivocal,  than  that  of  other  prin- 

F:)ur  of  the  latter  fort  have,  on  account  of  their 
v.-orjd':rful  effects,  and  of  their  very  extenfive  in- 
:";...TiCC,  been  fet  apart  for  a  n^.ore  particular  exami- 
v.::ion.     Thcfe    are    caloric ^   l^S^-^^j   eletlru'ifyy    and 
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wagnetijm.  The  principal  properties  of  thofe  natural 
agents,  the  more  probable  opinions  which  have 
been  entertained  with  refpcft  to  their  eflcnce,*  and 
the  principal  advantages  which  we  derive  there- 
from, will  form  the  contents  of  the  prcfent,  or 
third,  part  of  thefe  Elements ;  which,  therefore, 
will  be  divided  into  four  fe£tions  ;  and  each  fedlon 
will  be  fubdivided  into  as  many  chapters  as  the  na- 
ture of  the  fubjeft  may  feem  to  demand,  confident 
with  perfpicuity  and  concifenefs. 


SECTION     I. 

OF   CALORIC;   OR,   OP    THE    ELEMENT    WHICH    PRO*' 

DUCES    HEAT,    FIRE,    &C. 

A  GENERAL  Idea  of  the  element  which  pro- 
^^  duces  the  fenfation  of  heat,  &c.  has  bceir 
given  in  the  preceding  volume,  wherein  the  nature 
of  the  affinities  of  the  various  elements  has  been 
concifely  illuftrated.  In  the  following  pages  wc 
muft  unavoidably  repeat  fome  of  the  particulars 
which  have  been  already  mentioned  ;  but  the  repe- 
tition will  be  Ihort,  and  the  advantage,  in  point  of 
perfpicuity,  will  probably  prove  more  than  an  ade- 
quate compcnfation  for  the  trouble  of  twice  peru^ 
fing  a  few  pafiages. 
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CHAPTER     L 


THE  THEORY  OF  HEAT  ;   OR,  THE  GENERAL  EFFECTS 
OF    A   SUPPOSED    CALORIFIC   FLUID. 


WHEN  wc  approach  a  common  fire,  we  feci 
a  fenfation  which  we  call  beating.  When 
we  recede  from  the  fire,  and  approach  a  quantity  of 
ice,  we  feel  another  fenfation,  which  we  call  cooling. 
On  a  clofer  examination  it  will  appear  that  thefe 
words  beating  and  coolings  or  beat  and  cold,  are  rela- 
dve  expreflions ;  for  the  very  fame  body  may  feel 
cold  to  one  perfon  and  hot  to  another ;  or  it  may 
feel  both  cold  and  hot  to  the  fame  perfon.  Let, 
for  inftance,  a  perfon  warm  one  of  his  hands  near 
die  fire,  and  cool  the  other  hand  in  fnow ;  then  let 
him  put  both  hands  in  water  of  a  middling  tempera- 
ture, and  the  fame  water  will  fcel  cold  to  one  of  his 
hands,  and  hot  to  the  other. 

It  is  impofllble  to  give  a  more  precife  definition 
of  thofe  fcnfations,  than  what  is  conveyed  by  the 
common  meaning  of  the  words.  But  with  refpeft 
to  the  vifiblc  effefts  which  are  produced  by  thofe 
rcfpeftive  approximations,  to  a  fire  and  to  the  ice, 
or  to  the  different  degrees  of  heating  and  ccxoling, 
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we  may  give  a  more  determinace  anfwer;  viz.  wc 
may  fay,  that  all  the  efFedis  of  heating  may  be  re- 
duced to  an  enlargement  of  the  bulk,  or  to  the 
fcparation  of  the  parts,  of  all  forts  of  bodies  ;  and 
that,  on  the  contrary,  all  the  effcfts  of  cooling  may 
be  reduced  to  a  contradion  of  the  bulk,  or  to  a 
mutual  approximation,  of  the  pares,  of  all  forts  of 
bodies. 

A  human  body,  and  every  part  of  an  aninial 
body,  a  ftone,  a  piece  of  metal,  a  piece  of  glafs,  or, 
in  fliort,  every  other  body,  whether  folid  or  fkiid, 
grows  larger  by  heating,  and  fmallcr  by  cooling ; 
but  different  bodies  are  expanded  more  or  Icfs  by 
the  fame  degrees  of  heating,  and  are  contradled 
more  or  lefs  by  the  fame  degrees  of  cpoling.  Bo- 
dies are  not  only  expanded  differently  by  the  fame 
degrees  of  heating,  or  contrafted  differently  by  the 
fame  degrees  of  cooling  j  but  by  thofe  means  they 
do  alfo  acquire  different  forms.  Thus  a  piece  of 
ice  heated  to  a  certain  degree,  becomes  fluid  water  ^ 
by  increafing  the  heat  the  water  is  increafcd  in  its 
bulk,  and  after  a  certain  period  the  water  becomes 
an  elaftic  fluid  5  viz.  fteam.  By  continuing  to  in- 
creafe  the  heat,  that  fteam  becomes  continually 
larger  and  larger  i  nor  do  we  know  the  limits  of 
its  expanfibility.  The  like  effefts,  in  a  contrary 
order,  are  produced  by  cooling  i  viz.  a  quantity 
of  fteam  grows  fmaller  and  fmaller,  until  it  be* 
comes  liquid  water,  and  at  laft  the  water  becomes  a 
folid ;  viz*  i(e. 

The 
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The  convcrfe  of  the  ^bovc- mentioned  law  has 
likewi/e  been  pretty  well  proved  by  means  of  expe- 
riments; namely,  that  if  a  certain  fubftance  be 
comprefled  into  a  narrower  fpace^  a  quantity  of 
heat  will  come'  out  of  it,  and  will  be  communi- 
cated to  the  furrounding  bodies  ;  and,  on  the  con- 
trary, if  a  certain  fubftance  be  expanded  into  a 
larger  Ipace,  it  will  abforb  a  quantity  of  heat  from 
the  furrounding  bodies  s  for  thofe  furrounding  bo- 
dies will  thereby  be  cooled.  Thus,  if  you  wet 
your  hand,  and  then  expofe  it  to  the  ambient  air, 
the  water,  in  the  aft  of  expanding  itfelf  into  vapour, 
ab&rbs  a  quantity  of  heat  from  the  hand,  which  is 
thereby  fenfibly  cooled.  If  air  that  has  been  com- 
prcilcd  by  art  in  a  ftrong  veflcl,  be  let  out  of  it 
through  an  aperture,  that  air,  in  the  aft  of  expand* 
ing  itfclfi  will  abforb  a  quantity  of  heat.  If  a  piece 
of  metal  be  comprefled,  heat  will  be  produced.  If 
the  fleam  of  water  be  condenfed,  heat  will  be 
depoflted  on  the  bodies  which  are  in  contaft 
with  it. 

The  acceflion  of  heat,  by  placing  the  particles  of 
matter  forther  from  each  other,  diminifhes  their 
mutual  attraftion ;  viz.  the  attraftion  of  aggrega- 
tion, in  confcquence  of  which  their  attraftion  for 
other  bodies  ;  viz.  the  attraftion  of  affinity;  grows 
ftronger ;  hence,  heating  to  a  certain  degree  effcfts 
decompofitions  and  compofltions,  which  in  general 
have  been  called  combuftions ;  but  when  the  heated 
fubftances  have  not  fuch  affinities,  or  when  they  ' 
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are  not  heated  enough  to  render  their  affinities 
aftive,  fo  as  to  form  decompoiitions  and  new  com- 
binations, then  the  fubflances  are  not  faid  to  have 
undergone  a  combuftion>  or  to  be  burnt  >  but 
they  are  faid  lo  be  heated,  or  rarefied,  or  ignited ; 
(viz,  rendered  red  hot)  or  foftened,  or  liquified,  or 
evaporized,  &c.  according  as  any  of  thofe  effefts  is 
produced  or  attended  to. 

Heat  penetrates  bodies  of  every  fort  j  for  what- 
ever body  is  placed  near  a  common  fire,  is  expanded, 
or  foftened,  or  ignited ;  or,  in  fhort,  it  (hews  fbmc 
of  the  effefts  of  heating}  and  the  fame  thing  is 
true  with  refpeft  to  cooling ;  but  this  heating  does 
not  penetrate  all  forts  of  bodies  with  equal  quick* 
ncfs ;  it  pafTes  through  certain  bodies  quicker  or 
cafier,  than  through  others  j  hence  the  former  arc 
faid  to  be  better  ccnduSlors  of  beat^  than  the  latter ; 
we  are  not  however  acquainted  with  any  body 
which  may  be  faid  to  be  a  perfect  nonconduAor  of 
heat.^-The  fame  thing  may  be  imderftood  of 
cooling. 

With  refpcd  to  the  communication  of  heat,  k 
has  been  obferved,  that  if  an  heated  body  Ije  placed 
amongft  colder  bodies,  or  heat  be  produced  by 
certain  bodies  in  certain  procefles  amongft  colder 
bodies,  that  heat  will  gradually  pafs  from  the 
former  bodies  to  the  latter,  fo  as  to  render  the 
former  bodies  lefs  hot,  and  the  latter,  hotter,  than 
they  were  before;  and  as  there  is  not  a  perfeft 
liPQcondu£tor  of  heatj  therefore  nothing  can  ef* 
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feftually  prcTcnt  that  cxpanfion,  or  that  diftribu- 
•    tion,  of  heat ;  though  it  may  be  much  obftrudted 
and  impeded  by  the  intcrpofuion  of  bad  condufting 
bodies. 

So  far  the  effeft  is  well  known,  and  is  daily 
proved  by  common  experience.  But  there  is  an- 
other phenomenon  attending  the  communication  of 
.  heat,  which  is  neither  very  obvious,  nor  fo  eafily 
obferved.  This  is,  that  in  the  diftribution  of  heat 
aoiongft  a  variety  of  fubftances,  fome  bodies  ab  • 
Ibrb  more  of  it  than  others,  though  they  be  all 
placed  exactly  in  the  fame  fituation ;  hence  different 
bodies  are  laid  to  have  different  capacities  for  ab- 
iininng  heat. — An  example  will  eafily  illuftrate  this 
.  remarkable  property. 

If  a  pound  of  water  heated  to  a  certain  degree, 
for  inftance,  to  60  degrees,  be  mixed  with  another 
pound  of  water  which  has  been  heated  120  degrees, 
the  60  degrees  of  heat,  which  the  latter  has  above 
the  former,  will  be  divided  alike  between  thofe 
equal  quantities  of  water ;  viz,  30  degrees  will  be 
communicated  to  the  former  pound  of  water,  and 
the  other  30  degrees  of  heat  will  remain  with  the 
kcter;  hence  the  whole  will  appear  to  have  90 
degrees  of  heat.  Now,  if  a  pound  of  water  heated 
to  60  degrees,  be  mixed  with  a  pound  of  quick- 
filver,  heated  to  120  degrees,  the  mixture  will 
appear  to  have  (not  90  degrees  as  above)  but 
only  62  d^rees  of  heat;  which  fhews,  that  of  the 
60  degrees  of  heat,  which  the  mercury  had  more 
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than  the  water,  a  greater  portion  muft  have  been 
abforbed  by  one  of  the  two  fluids  than  by  the 
other.  In  order  to  afocrtain  which  of  the  two  has 
abforbed  the  greateft  quantity  of  heat,  you  need 
only  repeat  the  experiment  with  this  di^crence ;  viz. 
that  the  pound  of  water  be  heated  to  120. degrees, 
and  the  pound  of  mercury  be  heated  to  60  degrees ; 
for  in  this  cafe  the  mixture  will  appear  to  have 
the  heat  of  1 1 8  degrees  ;  which  plainly  Ihews, 
upon  the  Icaft  rcfledion,  that  the  water  has  a 
much  greater  capacity  for  abforbing  heat,  than  the 
quick  filver. 

The  above-mentioned  particulars  are  the  heads 
to  which  all  the  phenomena  of  heating  and  cooling 
may  be  referred  j  and  fo  far  wc  have  related  fads  : 
but  if  the  caufe  of  thofc  fads  be  demanded,  we 
muft  then  anfwer  by  means  of  fuppofitions  or  hy- 
po the  fes. 

Various  hypothefes  have  at  different  times  been 

offered  by  different  philofophers  in  explanation  of 

this  fubjeft  J  but  of  all  thofe  hypothefes,  none  fecms 

^  to  be  fo  fatisfaftory  as  the  modern  theory  of  heat, 

which  is  as  follows : 

ift.  It  is  fuppofed  that  there  exifts  a  very  fubtile 
and  elaftic  fluid,  difperfed  throughout  all  the  bo- 
dies of  the  univerfe,  and  capable  of  pafling,  with 
more  or  lefs  facility,  through  them  all:  but  this 
fluid  cannot  be  exhibited  bvitfelf  in  anuncombined 
ftate ;  for  nothing  will  confine  it  j  nor  has  it  any 
known  weight, 

adly.  Dif- 
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2dly.  Different  bodies  have  different  affinities  for 
this  fluid,  or  they  can  abforb  different  quantities  of 
it,  jufl  as  pieces  of  different  woods  can  abforb  dif- 
ferent quantities  of  water  \  and  thofe  affinities  are 
increafed  or  diminifhed  by  a  variety  of  caufes,  fuch 
as  by  combination  with  other  fubftances,  by  com- 
preffion,  by  expanfion,  &c.  hence  this  fluid,  owing 
to  the  conflant  aftion  of  thofe  caufes  in  the  world, 
is  continually  moving  from  one  let  of  bodies  to 
another. — Its  tranfition,  its  accumulation  on  one 
body,  and  its  diminution  on  another  body,  give 
motion  to  every  particle  of  matter,  and  feem  to 
animate  the  whole ;  for  every  body  is  rarefied  and 
condenfed  by  the  accumulation  or  diminution  of 
diis  fluid.  And  every  body  is  fufceptible  of  dif- 
ferent ftates  by  its  combination  with  a  greater  or 
fmaller  quantity  of  this  fluid.  Thus  ice  is  a  com- 
bination of  folid  water  with  a  certain  quantity  of 
this  element  ;  fluid  water  is  combined  with  a 
greater  quantity  of  it;  and  vapour  is  a  combination 
of  water  with  a  much  greater  quantity  of  this  ele- 
ment. 

^dly.  This  fuppofed,  fubtile,  and  elaftic,  fluid, 
has  been  called  elementary  beat,  or,  fimply,  the 
caloric. 

According  to  thia  hypothefii,  conibincd  caloric  is 
that  quantity  of  caloric  which  enters  iiiio  conibi- 
nationuvith  other  bodies,  and  v;hich  quantity  lins 
been  faid  to  differ  accordint'  to  the  nature  cf  each 
particular  body.    Thus  in  the  abovc-mcntioncJ  ii;- 
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ftance  of  a  mixture  of  water  and  mercury,  the  water 
has  been  (hewn  to  contain  more  combined  caloric 
than  the  mercury.  Free  caloric  is  that  portion  of  it 
which  is  not  combined  with  a  certain  body,  but 
which  is  ready  to  pafs  from  that  body  to  other  fur- 
rounding  bodies  ;  and  tlie  quantity  of  it,  (which  is 
meafured  by  the  cfFedt  it  produces  on  thofe  other 
bodies';  viz.  by  the  quantity  of  expanfioq,  &c.) 
is  called  the  tem-perature  of  that  body.  The  fenfa- 
tion  which  animals  perceive  by  the  communication 
of  caloric  to  their  bodies,  is  called  beat^  or  beating ; 
and  the  fcnfation  which  they  perceive  by  the  efcapc 
of  the  caloric  from  their  bodies,  is  called  cold;  or 
cooling.  Therefore  it  appears,  that  cold  is  not  a 
pofitive  thing  j  for  it  is  only  the  abfencc  or  priva- 
tion of  caloric.  When  we  touch  a  hot  body,  the 
caloric  paffes  from  that  body  into  our  hand,  or 
face,  &c.  expands  that  part,  and  excites  in  us  a 
fenfation  of  heat.  When  we  touch  a  cold  body, 
the  caloric  paffes  from  us  to  that  body,  and  we 
feel  the  fenfation  of  cold.  By  a  cold  or  hot  body, 
it  is  meant  only  that  •  a  body  is  colder  or  hotter 
than  our  bodies,  or  a  certain  other  body ;  To  that 
when  our  body  touches  a  body  of  the  fame  tempera- 
ture, then  we  fed  neither  heat  nor  cold,  becaufe  in 
that  cafe  there  is  no  tranfition  of  caloric  either  way. 

Thus  we  have  briefly  dated  a  fummary  of  the 
phenomena  which  fall  under  the  common. appel- 
lations of  heat  and  cold,   and  have  fubjoined  the 
mpft  plaufible  hypothefis,  which  has  been  offered 
t^  •  for 
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for  their  explanation.  But  it  is  now  neceflary  to 
cxaniine  the  different  parts  of  the  fubjeft  in  a  man- 
ner both  more  particular  and  more  ufeful ;  viz.  to 
ftatc  the  fadts  which  have  been  afcertained  with  re* 
'  fpeft  to  riic  expanfion  of  different  bodies,  with  re- 
fped  to  the  meafurements  of  that  expanfion,  with 
rclpedt  to  the  different  capacities  of  bodies  for  ab« 
ibrbing  caloric;  as  alfo  the  fadts  relative  to  the 
produdion,  communication,  and  application  of 
heat,  &c.— This  we  (hall  endeavour  to  do  in  the 
fbUowing  chapters,  wherein  we  (hall  add  the  theo« 
redcal  explanation,  agreeably  to  the  above-men* 
hypothefis. 


[       12      ] 


CHAPTER      ir. 


OP    THE    THERMOMETER  j     AND    OF    THE    DILATA- 
TION    OF     BODIES,     WHICH     IS     PRODUCED      BY 

HEAT, 


ON E  of  the  moft  general  efFeds  of  heat,  or 
of  the  frtc  caloric,  is  a  dilatation  of)^odies, 
or  an  augmentation  of  their  bulks.  The  contrary 
efFeft  is  produced  by  cold  j  viz.  by  a  diminution 
of  the  free  caloric.  Ic  mud,  however,  be  ob- 
ferved,  that  bodies  of  equal  bulks,  but  of  different 
kind,  are  not  expanded  alike  by  being  heated  to 
the  fame  degree ;  nor  are  the  increments  of  bulk 
in  the  fame  body,  always  proportional  to  the  quan- 
tities of  heat  which  are  communicated  to  it,— If  a 
bar  of  iron  and  a  bar  of  glafs,  of  equal  dimenfions, 
be  both  heated  to  the  fame  degree,  for  inftance,  by 
plunging  them  in  boiling  water,  the  bar  of  iron 
will  thereby  be  lengthened  more  than  that  of  glafs. 
— If  a  given  quantity  of  water,  by.  being  heated  to 
a  certain  degree, /be  increafed  in  bulk  one  cubic 
inch,  the  addition  of  double  or  treble  that  quantity 
of  heat  will  not  increafe  its  bulk  two  or  three  cubic 
inches  rcfpeftivcly  ;    therefore,  the  expanfions   of 

water 
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water  arc  not  proportional  to  the  increments  of 
heat. — This  is  alfo  the  cafe  with  mod  other  fub- 
ftanccs. 

Wc  muft'  now  (late  the  mod  remarkable  fafts 
wliich  have  been  afcertaincd  rcfpefting  the  dila- 
tation of  particular  fubftanccs,  fluid  firft,  and  then 
folid.  '  , 

The  only  pradkicable  method  of  meafuring  the 
expanfions  of  fluids,  is  by  inclofing  them  in  certain 
vcSclSj  and  by  meafuring  that  part  of  the  cavity  of 
each  vcflcl  which  is  occupied  by  the  particular  fluid 
which  fills  it  in  different  temperatures.  It  is  evi- 
dent that  the  fubfl:ance  of  the  veflTel  is  alfo  expand- 
ed by  the  heat,  and  of  courfe  its  cavity  is  enlarged. 
Therefore,  when  we  find  that  the  bulk  of  the  fluid 
is  increafed,  that  apparent  increment  is  only  the 
difference  between  the  enlarged  capacity  of  the 
veflel  and  the  increafcd  bulk  of  the  fluid.  For  this 
reafon  thofe  veflcls  muft  be  made  of  fuch  fub- 
fiances  as  are  leaft  expanfible  by  heat.  Indeed  glafs 
is  the  fubfl:ance  which  is  univerfally  ufed  for  fuch 
purpofcs,  both  on  account  of  its  little  expanfibility, 
and  of  its  tranlparency,  befides  its  having  other  re- 
markably ufeful  properties. 

A  glals  vcflcl  filled  to  a  certain  degree  with  a 
liquid,  for  the  purpofe  of  fliewing  the  expanfions 
of  that  liquid  in  different  temperatures,  or  for  the 
purpofe  of  fliewing  the  temperature  by  the  cor- 
refponding  expanfion  of  that  liquid,  is  called  a  ther- 
mmeter  i    viz.  a^  meafurer  of  the  temperature. 

The 
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The  fluids  moftly  ufcd  for  therAiomcfers,  arc 
either  iiiercury  or  fpirit  of  wine,  the  latter  of  which . 
is  generally  tinged  red,  by  means  of  cochineal,  or 
Brazil  wood,  &c.  for  the  purpofe  of  rendering  it 
more  vifible  i  hence  they  are  denominated  the 
mercurial  thermometer^  and  the  Jpirit  thermometer. 
Other  fluids,  on  account  of  their  clamminefs,  or  of 
their  great  irregularity  of  expanfion,  are  not  ufeful 
for  thermometers*. 

The  moft  proper  and  the  moft  ufeful  Ihape  for 

thermometers,  is  that  of  a  long  tube  with  a  narrow 

bore,  and  with  a  globular  cavity  at  one  extremity. 

See  fig.  I.  of  Plate  XVIII.     The  cavity  of  the 

bulb  C,  and  part  of  the  tube,  as  far,  for  inftance, 

as  A,  is  filled  with  the  fluid,  the  rcfl:  of  the  tube  is 

either  partly,  or  quite,  exhaufted  of  air,  and  the 

end  B  of  the  tube  is  hermetrically  fcaleds  viz..per- 

feftly  clofed  by  melting  the  extremity  of  the  tube  at 

the  flame  of  a  candle  or  lamp,  urged  by  means  of 

a  blow  pipe  t- 

WJien 


♦   Thermometers   have  alfo  been  made  with  bars  of 
, -^'iTictal,  without  any  glafs  or  fluid.     Thcfe  fliew  the  tem- 
perature by  the  cxpanfion  of  the  bars,  and  are,  therefore, 
called  metallic  thcrmancters. — They  will  be  noticed  here- 
after. 

-f  On  account  of  tlic  narrowncfs  of  their  bore,  it  is  im- 
poffible  ro  fill  tiicrmometers  me/ely  by  pouring  the  fluid 
into  their  cavity.     But  in  order  ^to  fill  a  thermometer,  the 

bulb 


Of  the  Thermometer y   6fr.,  15 

When  the  bulb  C  is  heated,  the  mercury,  or  the 
fpirit  of  wine  is  expanded  j  and  not  being  able  to 
extend  itfclf  any  other  way,  all  the  incrennent  of 
bulk  is  manifefted  in  the  tube ;  viz.  the  furface  A 
of  the  fluid  will  rife  confiderably  into  the  tube.  On 
the  other  hand^  when  the  bulb  C  is  cooled,  the 
fluid  contracts,  and  its  furface  A  defcends.  It  is 
evident,  that,  ceteris  paribus^  the  larger  the  bulb 
is,  in  proportion  to  die  diameter  of  the  cavity  of  the 
tube,  or  the  narrower  the  latter  is  in  proportion  to 
tiie  former,  the  greater  will  the  motion  of  the  fur- 


bulb  C  mud  be  heated  over  the  flame  of  a  candle,  and,  im- 
me&Ueiy  after,  the  aperture  B  muft  be  turned  downwards, 
and  inuft  be  immerfed  tn  the  fluid  ;  for  inftancc,  the  mer- 
cury ;  by  which  means  part  of  the  bulb  will  be  filled  with 
Biercury ;  for  the  heat  of  the  candle  having  rarefied,  and  of 
courfe  expelled  fome  of  the  air  from  tlie  cavity  of  tlie  thcr-*  ' 
moroeter,  when  afterwards  the  bulb  cools,  and  the  air  in  it 
is  condenfed,  the  atmofphere  prefling  upon  the  furface  of 
the  mercury  in  the  bafon,  forces  it  into  the  tube  and  bulb. 
This  done,  the  bulb  C  is  again  heated  over  the  flime  of  the 
candle,  until  the  mercury  in  it  appears  to  boil,  and  is  then 
immediately  turned  down,  with  the  aperture  B,  into  thq 
mercury^  by  which  means  more  mercury  will  be  forced 
into  the  bulb.  This  operation  muft  be  repeated  until  all 
the  air  is  removed  from  the  bulb,  and  part  of  the  tube,  and 
its  place  is  occupied  by  the  mercury.  When  this  is  done, 
heat  the  bulb  gently,  fo  as  to  rarefy  the  mercury,  and  to 
elevate  its  furface  very  near  the  aperture  B  ;  and,  in  that 
fiatc,  quickly  fcal  the  aperture  B  by  means  of  the  blow- 
pipe* 

face 


1 6  ^     Of  the  "tbermofneter^  i^c. 

face  A  be  in  the  tube.  But  it  mud  be  obfcrved, 
that  when  the  bulb  is  very  large,  the  thermometer 
will  not  cafily  arrive  at  the  precife  temperature  of 
any  place,  wherein  it  may  be  ficuatcd  Some  per- 
fons,.  in  order  to  give  the  bulb  a  greater  furface,  and 
of  courfe  to  render  it  more  capable  of  readily  at- 
taining a-  given  temperature,  have  made  it  not 
globular,  but  cylindrical,  (which  Ihape  was  adopted  . 
by  Falirenheit)  or  flat,  or  bell-like,  &c, ;  but  thofc 
fhapes  are  improper,  becaufe  they  are  liable  to  be 
altered  by  the  varying  gravity  of  the  atmofphere,* 
confequently  thole  thermometers  cannot  be  ac- 
curate. 

If  a  thermometer  be  heated  fuddenly,  as  when 
the  bulb  C  is  immerged  in  hot  water,  the  furface  A 
of  the  fluid  in  it  will  be  feen  to  defcend  a  little, 
and  inftantly  after  will  be  feen  to  rife  ;  the  reafon 
of  which  is,  that  the  heat  of  the  water  enlarges  the 
glafs  firfl:,  and  is  then  communicated  to  the  fluid, 
&c.  On  the  contrarv,  if  the  bulb  of  a  thermome- 
ter  be  cooled  fuddenly,  the  furface  A  of  the  fluid 
will  firfl:  rife  a  little,  and  then  will  defcend  ;  becaufe 
the  cold  contrads  the  glafs  alone  at  firfl:,  and  does 
afcervvards  contradt  the  fluid. 

Ice  is  melted  by  a  certain  invariable  degree  of 
temperature ;  and  water  freezes  at  about  the  fame 
temperature  j  therefore,  if  the  bulb  C  of  a  mercu- 
rial thermometer  be  placed  in  melting  ice,  or  melt- 
inf>  fnow,  and  a  mark  is  made  on  the  outfide  of  the 
xube,  even  with  the  furface  of  the  fluid,  as  at  D  ; 

that 
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that  m^rk  is  called  the  freezing  point,  though  in  faft 
it  is  the  melting  point  of  ice  s  the  freezing  point  of 
water  being  not  fo  conftant.  If  the  bulb  of  the 
thcmnomcter  be  placed  in  boiling  water,  and  a 
mark  be  made  on  the  glafs  tube,  even  with  the 
furface  of  the  6uid  within,  as  at  E,  that  mark  is 
called  the  boiling  pint ;  for  in  an  open  veflfel,  ,apd 
under  the  fanne  atmofphcrical  preflure,  which  is  in- ' 
dicated  by  the  barometer,  water  does  conftantly 
boil  at  the  faine  temperature,  and  an  increafcd  fire 
will  force  it  xo  evaporate  fafter,  but  will  not  ralfe  its 
temperature.  Thofe  points  being  afcertained,  if 
the  length  of  the  tube  from  D  to  E  be  divided  into 
any  number  of  equal  parts,  thofe  parts  will  be  the 
degrees  of  the  thermometer,  or  the  degrees  of  heaty 
indicated  by  the  correfponding  expanfions  of  the 
fluid  within  die  thermometer.  And  the  fame  de- 
greest  or  equal  divifions,  may  be  continued  below 
D  artd  above  E,  in  order  to  (hew  the  degrees  of 
temperature  below  the  freezing,  and  above  the  boil- 
ing, point*. 

Thofe  two  unalterable  points  of  temperature; 
viz.  the  former  where  ice  becomes  water,  and  the 
fecond  where  water  becomes  vapour,  have  been 
uhivcrfally  adopted  by  the  various  conftruftors  of 
thermometers  for  the  graduation  of  thofe  inftru- 

•  For  a  more  accurate  method  of  graduating  thermome- 
tcrs  fce  the  Report  of  the  Committee,  appointed  by  the 
Royal  Society,  \\\  the  67th  vol.  of  tlte  Phiiornphical  Tia.if- 
adions,.p.  816. 

VOL.  nu  c  meirs; 
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ments ;  but  the  fpace  between  them  has  been  di- 
vided differently  by  different  pcrfons,  and  this  dif- 
ference gives  the  different  iiames  of  thermometers^ 
or  rather  of  their  graduations ;  fuch  as  Reaumur*! 
tbermometery  Fabrenbeit's  tbermtnneter,  fcfr.  Reau- 
mur  divides  the  fpace  between  the  abovementioned 
two  points^  into  80  equal  parts  or  degrees;  placing 
the  o  at  freezing,  and  the  80th  degree  at  the  boiling 
point.  Fahrenheit  divides  it  into  1 80  degrees  or 
equal  parts,  but  he  places  the  o  thirty-two  degrees 
below  the  freezing  point  D;  fo  that  the  freezing 
point  is  at  3  2j  and  the  boiling  point  £  is  at  212 
degrees*. 

Other  perfons  have  adopted  other  divifions^ 
which  have  been  fuggefted  by  fuppofed  advantages 
or  fanciful  ideas. 

Moft  of  thofe  graduations  are  atprefent  out  of 
life  J  but  they  are  to  be  met  with  in  various,  not 
very  recent,  publications ;  I  have  therefore  thought 
neceflary  to  fet  them  down  in  the  following  Table, 
which  contains;  ift,  the  name  of  the  perfon  or 
fociety  that  has  ufed  each  particular  divifion ;  2dly, 
the  degree  which  has  been  placed,  by  each  of  them, 
againft  the  freezing  point ;  jdly,  the  degree  which 
has  been  placed  againft  the  boiling  point;  and 
4thlyi  the  number  of  degrees  laying  between  thofe 
two  points. 

♦  Instead  of  adding  the  word  degrees  to  the  number,  a 

fmall  ^  is  annexed  to  it  on  tlie  right-hand  fide,  a  little  abQve 

the  level  of  the  number ;  thus  24®.  means  24  degrees '^  6o». 

.  ine*y«  60  drgrces^  &c. 

6  Fahrenheit\ 
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tthrtnhtit*i,  which  is  gene- 
rally ofed  in  Great  Briuin. 
It  balfo  ufed  throughoat 
this  work»  unlets  fome  other 
be  mentioned    -    -    .    . 

Rgmmmr^s,  which  is  generally 
ofed  la  France  and  other 
parts  of  the  Continent  -    - 

Cejfiuj^Sp  which  has  been  ufed 
chiefly  in  Sweden,  hence  it 
is  alfo  called  the'Swedifh 
thermometer.  It  has  been 
lately  adopted  by  the 
French  chemifls,  under  the 
name    of  antigradt  ther^ 


The  Floraniine  Thmumsters^ 
which  were  made  and  ufed 
by  the  members  of  the  fa- 
mous Academy  dePCitnento, 
being  fome  of  the  firft  in- 
ftroments  of  the  fort,  were 
vaguely  graduated,  fohie 
having  a  great  many  more 
degrees  than  others.  But 
two  of  their  mod  common 
graduations  feem  to  be  •  - 

l[\LtParifianTbirm9mttir9  viz. 
the  amienne  thermometre  of 
the  Ac^^demy  of  Sciences, 
feems  to  have  been  gradu- 
ated nearly  tbus^    -     •     - 


Freegiag 
point. 


32 


Boiling 
point. 


212 

4 

80 


Degrees 

between 

the  prtM 

ceding  two 

points. 

180 


80 


100 


100 


{ 


20 

13  i 


81^ 


«S4 

68  4 


25 


239 


C  1 


214 


Oi 


tzo 
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J)t  la  Hiri*s  Thermometer,  which 
flood  in  the  Obfcrvatory  at 
Paris  ^bove  60  years,  feems 

Freezing 
point* 

Bolting 
point* 

Ucfreca 
between 
the  preced- 
ing two 
pointc. 

to  be  graduated  thus    -  - 

28 

>99t 

•7.W 

Amcntcn^s    ..••-- 

51  f 

73 

%x\ 

Pokni's  -.....- 

47-,^ 

&,%- 

»sA 

De  PlJIe^s  Tkcrmcmeter  is  gra- 
duated in  an  inverted  order 

150 

0 

I  JO 

Crucquius^s  -.-.-- 

1070 

.  1510 

440 

• 

The  ancient  Thermometer  of  the 

Royal  Society  of  London,  feems 
to  have  had    the  0  con  c- 

1 

'    fponding   Uith    about .  the  ' 
88th    degree   of    Fahren- 

- 

• 

heit's  ;  and  from  that  point 

the    numeration    afcendcd 

and  defcended;  vix,      -     - 

73  i 

141  i 

2151 

Sir  Ifaac  Neivton's      -     -    ,- 

0 

34 

34 

F6*wler*s  0  feems  to  have  coin- 

cided \vith  about  the  53d 

or  54.th  d(^gree  of  Fahren- 
heit's, and  from  that  point 

thenameration  afcended  and 

defcended,    thus      -    .    . 

34 

2S«T 

*Hk 

Hales's 

0 

163 

163 

The   EMnhnrgh    Thermvneter^ 

foraicrly  afcd»,  fccns    to 

have  been  graduated  thus 

8} 

47 

38  1 

<:•-   Dr.   O.  Marrine't  Fflavt,  MH.  and  PhH. 
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Thermometers  have  been  made  of  a  great  variety 
of  (hapes  and  fizes,  fui table  to  the  different  purpoles 
for  which  they  were  intended.. 

Thermometers  for  (hewing  the  temperatiire  of 
the  atnnofphere,  nee4  not  have  their  fcales  much 
extended  i  it  is  more  than  fufficient  if  they  go  as 
high  as  I20*,  The  lower  degrees  hiay  be  carried 
down  as  low  as  may  be  fappofed  neceffary  for  the 
cold  x>f  any  particular  climate.  The  mercurial 
thermometer  needs  not  be  graduated  lower  than  40* 
below  o,  becaufe  at  about  that  degree  mercury 
ceafes  to  be  a  fluid. 

The  fpirit  thermometer  may  be  graduated  lower 
if  neceffary. — I  (hall  here  juft  mention,  that,  for  rea- 
(bns  which  will  be  noticed  hereafter,  if  a  mercurial 
thermometer  and  a  fpirit  thermometer,  be.both  gra- 
duated according  to  the  above-mentioned  diredions, 
the  two  thermometers  will  not,  in  their  ufual  indica- 
tions of  the  fame  temperatures,  point  to  the  fame 
degrees. 

The  degrees  of  thermometers  may  be  delineated 
on  metal,  or  wood,  or  paper,  or  ivory,  &c.  but  fuch 
fubftances  (hould  be  preferred -for  the  fcales  of  ther- 
mometers, as  are  not  apt  to  be  bent  or  Shortened,  or 
otherwi(e  altered  by  the  weather,  especially  when  the 
inftruments  are  not  defended  by  a  glafe  cafe,  or  by  a 
box  with  a  glafs  fece. 

The  bulb  of  the  diermometer  mud  be  ckan  and 
colourlefs  j  fincc  coloured  furfaces  are  ape  to  be  par- 

c  3  tially 


\    • 


tially  heated  by  a  ftrong  light  *.    The  ball  of  the 
thermometer  ought  not  to  be  in  contadt  with  the 
.  fubftancc  of  the  fcalc,  left  it  fliould  be  influenced  by 
the  temperature  of  that  fubftance. 

Thofc  thermometers  muft  be  fituated  in  the  open 
air  out  of  the  houfe^  and  at  fome  diftance  (at  leafl: 
a  foot)  from  the  wall,  and  where  the  light  of  the  fun 
may  not  fall  direftly  upon  them.  Fig.  2.  Plate 
XVIII.  rcprcfcnts  a  thermometer  of  the  moft  ufual 
fliape  independent  of  the  cafe. 

For  chemical  purpofes,  the  bulbs  and  part  of  the 
tubes  of  the  thermometers,  muft  project  fome  way 
below  the  fcales,  in  order  that  they  may  be  placed 
in  liquids,  mixtures,  &c. 

For  other  purpofes,  as  for  botanical  obfcrvations, 
h^t  houfes,  brewing  manufa£bories,  baths,  &c.  the 
thermometers  muft  be  made  longer,  or  fhorter,  or 
narrower,  or  particular  diredlions  muft  be  added 
to  the  fcales,  &c. ;  but  I  (hall  not  take  any  farther, 
notice  of  thofc  fluftuating  varieties  of  ftiape  only. 

I^  is  neceflfary,  however,  to  take  notice  of  a  fort 
of  thermometers    which    have   been  conftrufted 
for  a  particular  purpofe  ^  namely,  for  (hewing  the 
««»w.»F— — ^^■*»"i  ■»  ■  I  ■.■      ■  ■  ■  III 

•  Take  two  equal  thermometers,  paint  the  bi^lb  of  one 
of  them  black,  or  of  any  dark  colour,  and  expofe  them  both 
to  the  fun ;  the  mercury  in  the  latter  will  rife  feveral  de- 
grees higher  than  in  the  former.  Even  a  ftrong  day  light, 
independent  of  the  direct  rays  of  the  fun,  will  aiFed  them 
differently. 

highcft 
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bigheft  degree  of  hear  or  of  cold  which  has  taken 
place  during  the  abfence  of  the  obferver;  as  for 
inftance^  in  the  courfe  of  the  night>  or  in  the 
hotted  part  of  the  day^  or  even  during  a  nvhole 
fcafbn. 

Thermometers  for  this  purpoie  have  been  con- 
trived differently  by  various  ingenious  perfbns,  as 
by  Bernoulli,  kroft,  Lord  Charles  Cavendilh,  &c.* 
but  the  bed  of  them  (which  however  is  not  without 
faults,  and  of  courfe  is  in  need  of  improvements) 
was  contrived  by  Mn  James  Six,  and  is  dcfcribed 
in  the  7 2d  vol.  of  the  Philofophical  Tranfaftions. 
Fig.  3.  Plate  XVIIl.  exhibits  this  inftrumcnt,  but 
diveP:ed  of  the  fcale  and  frame ;  "  tf  ^  is  a  tube  of  thin 
"  glafs,  about  16  inches  bng,  and  ^-^  of  an  inch  in 
"  diameter;  cdefgb^  a  fmaller  tube  with  the 
"  inner  diameter,  about  ^jV?  joined  to  the  larger  at 
*'  the  upper  end  ^,  and  bent  down,  firft  on  the 
*'  left  fide,  and  then,  after  defcending  two  inches 
*'  below  abj  upwards  again  on  the  right,  in  the  fc- 
"  veral  direftions  cde^fgh^  parallel  to,  and  one 
**  inch  diftant  from  it.  On  the  end  of  the  fame 
**  tube  at  by  the  inner  diameter  is  enlarged  to  half 
*'  an  inch  from  k  to  i,  which  is  two  incnes  n 
"  length.     This  glafs  is  tilled  with  highly  rcftified 

*  See  Difr.y^r  la  Co?nparaifon  du  Therm,  par  Vqu  Swin-^ 
dffij  p»  253 — 255.  The  Philofophical' Tranfa6lions,  vol.  L. 
and  vol,  LI.  The  Tranfadions  of  the  Edinburgh  Society  ; 
and  the  Encyclopaedia  Brit,  article  ThirmQniUr. 

c  4  •         <c  fpirlts 
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*  **  fpirits  of  wine,  to  within  half  an  inch  of  the  end 
**  i,  excepting  that  part  of  the  ftnall  tube  from  d 
*'  to  g^  which  is  filled  wi^h  mercury.  From  a  view 
5*  of  the  inftrumcnt  in  this  ftate,  it  will  readily  be 
"  conceived,  that  when  the  fpirit  in  the  large  tube, 
*'  which  is  the  bulb  of  the  thermometer,  is  expand- 
**  ed  by  heat,  the  mercury  in  the  fmall  tube  on  the 
"  left  fide  will  be  preflTcd  down,  and  confequendy 
*'  caufe  that  on  the  right  fide  to  rife  ;  on  the  con- 
**  trary,  when  the  fpirit  is  condenfcd  by  cold,  the 
**  rcverfe  will  happen,  the  mercury  on  the  left  fide 
**  will  rife  as  that  on  the  right  fide  defcencfs.  The 
"  fcate,  therefore,  which  is  Fahrenheit's,  beginning 
**  with  o,  at  tht  top  of  the  left  fide,  has  the  degrees 
^'  numbered  downwards,  while  that  at  the  right, 
"  fide,  beginning  with  o  at  the  bottom,  afcends, 
*'  The  divifions  are  afcertained,  by  placing  this  thcr- 
"  jnometer  with  a  good  ftandard  mercurial  one  in 
"!  water,  gradually  heating  or  cooling,  and  marking 
"  the  divifions  of  the  new  fcale  at  every  5*.  The 
**  method  of  (hewing  how  high  the  mercury  had 
"  rifen  in  the  obferver's  abfence,  is  efFefted  in  the 
"  following  manner.  Within  the  lirall  tube  of  the 
*^  thermometer,  above  the  furface  of  the  mercury 
"on  either  fide,  immerfcd  in  the  fpirit  of  wine,  is 
*'  placed  a  fmall  index,  fo  fitted  as  to  pafs  up  and 
"  down  as  occafion  may  require  :  that  furface  of 
"  the  mercury  which  rifes,  carries  up  the  index 
"  with  it,  which'  index  does  not  return  wirh  the 
«  mercury  when  it  dcfccndsj  but,  by  remaining 

«  fixed^ 
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•*  fixed,  (hews  diftinftly,  and  very  accurately,  how 
«*  high  die  mercury  had  rifcn,  and  Confcquently 
^  what  degree  of  hcac  or  cold  had  happened, 
"  Fig,  4*  Plate  XVIIL  reprcfents  thefc  indexes 
*'  drawn  larger  than  the  rral  ones,  to  render  it  more 
**  difiin£t;  «  is  a  fmall  glafs  tube  |  of  an  inch  long, 
"  hertnetically  fealcd  at  each  end,  inclofing  a  piece 
*«  of  ftecl  wire,  nearly  of  the  fanne  length  ;  at  each 
^  end  cd^  is  fixed  a  fhort  piece  of  a  tube  of  black 
"  glafs,  of  fuch  a  diameter  as  to  pafs  freely  up  and 
**  down  within  the  fmall  tube  of  the  thermometer. 
**  The  lower  end,  floating  on  the  furface  of  the 
**  mercury,  is  carried  up  with  it  when  it  rifes, 
**  while  the  apiece  at  the  upper  end^  being  of  the 
"  fame  diametct,  keeps  the  body  of  the  index 
**  parallel  to  the  Gdcs  of  the  thermorpetrical  tube: 
**  From  die  upper  end  of  the  body  of  the  index  at 
*'  o,  is  drawn  a  fpring  of  glafs  to  the  finenefs  of  a 
**  hair  about  \  of  an  inch  in  length,  which  being  fee- 
««  a  litdc  oblique,  prefles  lightly  againft  the  \t\ntt 
**  furface  of  the  tube,  and  prevents  thp  index  from 
**  following  the  mercury  when  it  defcends,  or  being 
**  moved  by  the  fpirit  paflirtg  up  or  down,  or  by 
♦*  any  fudden  motion  given  to  the  inftrument  by  die 
**  hand  or  otherwifci  but  at  the  fame  time  the 
♦*  preflTure  is  fo  adjufted,  as  to  permit  this  index  to 
**  be  readily  carried  up  by  the  furface  of  the  ridng 
*^  mercury,  and  downwards  whenever  the  inftru* 
♦*  mcnt  is  to  be  rectified  for  obfta"vation.     To  pre- 

**  vent 
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•*  vent  the  fpirit  from  evaporating,  the  tube  at  the 
•*  end  i  is  clofcly  fealed. 

*f  This  inftrument  in  its  frame  muft  be  leorrcd 
••  againft  the  wall  out  of  doors,  to  prevent  its  be- 
•*  ing  (haken  by  violent  winds.  Towards  evening 
I  ufually'vifit  my  thermometer,  and  fee  at  one 
view,  by  the  index  on  the  left  fide,  the  cold  of 
the  preceding  night  $  and  by  that  on  the  right, 
•*  the  heat  of  the  day,  Thefe  I  minute  down,  and 
•*  then  apply  a  fmall  magnet  to  that  part  of  the  tube 
"  againft  which  the  indexes  reft,  and  move  each  of 
•*  them  down  to  the  furfacc  of  the  mercury :  thus, 
••  without  heating,  cooling,  feparating,  or  at  all 
**  difturbing  the  mercury,  or  moving  the  inftru- 
ment,  may  this  thermometer,wichout  a  touch,  be 
immediately  reftified  for  another  obfervation." 
It  might  at  firft. fight  be  imagined  that  equal 
iacrenients  of  heat  would  caufe  fluids  to  expand 
equably ;  viz.  that  if  the  heat  be  increafcd  gra- 
dually  by  one  degree,  two  degrees,  three  degrees, 
&€•  the  fluid  thus  heated  ^ould  expand  its  bulk  by 
a  certain  quantity,  then  by  twice  that  quantity,  three 
times  that  quantity,  and  fb  on.  But  this  is  not  the 
cafe,  and  every  fluid  feems  to  follow  a  particular  law 
of  expanfion. 

Mercury  feems  to  expand  more  equably  than  any 
Other  fluid  *.     Ye't  ip  increments  of  bulk  are  not 

quite 

♦  It  will  be  neceffary  to  (hew  how  this  irregularity  may 
be  afcertaincd.— All  the  roafoning  and  all  the  phenomena 

arifing 
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quite  proportional  to  the  increments  of  heaL   With 

other  fluids  the  irregularity  of  expanQon  is  verj 

coD&derable. 

One 
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arifing  from  the  mixtures  of  fluids,  have  eftabliflied  the 
propofition,  that  when  eqtral  quantities  of  the  fame  fort  of 
fimi^  but  differ intly  heated^  are  mixed  together ^  the  tempera^ 
•ure  if  the  mixture  is  a  mean  proportional  between  the  tem^ 
peratures  of  the  feparate  parcels.  Now  if  a  thermomctex, 
having  (hewn  the  temperatures  of  the  feparate  parcels  ^  oa 
being  placed  into  the  mixture,  does  alfo  fhew  an  arithme- 
tical mean  between  die  ieparate  temperatures,  you  may  con«- 
dude  that  the  liquor,  of  which  the  thermometer  is  made,  ex* 
pands  equably  through  the  degrees  about  that  temperature^ 
and  thus  by  trying  iimilar  experiments  in  different  tempera- 
tures,  the  law  of  the  expanilbility  of  that  fluid  will.be  afcer- 
tained. 

Thus,  if  the  thermometer  being  placed  fuccefEvely  into 
two  equal  quantities  of  water,  fhews.40*  in  one  parcel,  and 
60**  in  d\e  other ;  mix  the  two  parcels  of  water,  and  if  the 
thermometer,  being  placed  in  the  mixture,  (hews  50^,  you 
may  conclude  that  its  fluid  has  expanded  equably;  if  it  (hews 
Icfe  than  50%  or  more  than  50%  you  may  conclude  that  its 
expanfion  is  not  fo  great,  or  greater,  &c. 

Mr.  De  Luc  has,  with  great  care  and  alliduity,  afcertain- 
cd  the  expanfibility  of  mercury,  or  rather  the  real  quaniities 
of  heat  which  are  required  to  expand  mercury  arithmeti- 
cally* Thefe  are  exprefled  in  the  following  table,  the  firft 
column  of  which  contains  the  degrees  of  Reaumur's  fcale, 
from  five  to  five,  which  are  equal  parts;  the  fecond  (hews 
the  real  -quantities  of  heat  which  are  required  to  raife  the 
mercury  to  the  correfponding  degrees,  where  z  is  a  fiyt 
but  unknown  quantity;  and  the  third  column  (hews  the 
differences  of  thofe  quantities.     (De  Luc's  Rcchtn  furies 

Modif.  de  TAtmofphere,  1772,  p.  309.} 

Poin' 
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One  cubic  inch  of  mercury,  or  one  meafurc  what* 
ever  of  it  at  3  2*  of  temperature,  when  heated  to  the 

temperature 


Real  diflTerencet 
of  belt  corr»-> 
iponding  to  the 
vamtTons  of  the 
mercur.  'tb<xm. 
from  5  to  5  deg. 

^  4.7a 

-  4.7» 
r    4.79 

-  4.8* 

-  4.»i 

-  4,89 

-  4,89 

-  4>97 

-  5»oo 

-  S,o8 

-  5.»Q- 

-  5.10 

-  5.»8 

-  5.ao 

-  5>3» 

-  5>43 


From  the  third  column,  it  appears  that  the  differences  of 
heat  requiftte  to  maice  equal  and  progreflive  additions  to  the 
bulk  of  the  mercury,  though  not  exadHy  equal,  yet  they  are 
not  very  far  from  the  ratio  of  equality.  With  other  fluid* 
tSc  irregularities  arc  much  greater ;  as  will  appear  fron)  the 
foliowinj:  taMc,  v/hich  contains  the  cxpanfions  of  the  prin- 
cipal fluids  that  have  born  ftibjC(Scd  to  fuch  experiments,  ac- 
cording lo  Mr.  Dc  Luc's  obfcrvations. 

•    In 


Mercnrial 

Real  quantities 

thermo« 

of  beat. 

meters. 

Point  of  boiRng  water  8q» 

%  +  80,00 

75 

%+75,28 

70 

2+70,56 

6S 

2  +  65>77 

60 

z  +  60,96 

55 

«  + 56115 

50 

z+51,26 

45 

2  +  46,37 

40 

z+4i)40 

35 

%  +  36,40 

30 

z  +  3^3* 

25 

z  + 26,22 

7,0 

Z+2I,l2 

15 

z  +  1 5,94 

10 

z+ 10,74 

5 

z+   5,43 

Point  of  rtitltin^  ice       0 
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temperature  ^f  boiling  water;  viz.  at  21 2\  will 
be  found  iDcreafed  in  bulk  by  the  quantity  0^01 8 j6. 
This  fluid  metal  boils  and  becomes  a  vapour^at  600* 
of  Fahrenheit's  thermometer,  and  it  becomes  a 
folid  at  — 4X)* ;  vtz.  72°  belo^V  meking  ice.  Below 
diat  point;  viz.  — 40%  it  contrafls  irregularly. 
See  Mr.  Hutching's  Experiments  in  the  Pbilofophicai 
Tranfadions  for  1783,  Art.  XX  ;  alfo  Art.  XXL 

Spirit  of  wine  boils  at  about  i8o%  and  the  purcit 
probably  never  freezes.  When  brandy,  or  a  mixture 
of  water  and  (pirit  freezes,  it  is  the  water  that  be- 
comes folid,  but  the  fpirit  will  be  found  coUeded 
together  in  one  or  more  bubbles,  in  fome  part  of 
the  ice. 

The  extenfivc  ufe  and  influence  of  water  both  in 
natural  and  artificial  affairs,  rencjers  it  neceflary 
to  be  more  particular  with  relpcft  to  its  expanfi- 
bility,  and  to  the  elaftic  force  it  acquires  by  being 
heated,  &c 

The  expanlibility  of  water  forms  a  Angular  d^via- 
ti6n  from  an  otherwife  general  law  of  nature ;  for 

though 


In  order  to  comprehend  the  meaning  of  thi^  table,  it  muft 
be  undcrilood  that  different  thermometers  (each  being  filled 
with  a  particular  fluid,  fuch  as  is  mentioned  at  the  top  of  the 
columns,  and  each  being  divided  into  80  equal  parts  between 
the  freezing  and  the  boiling  water  points)  are  placed  with 
their  bulbs  in  the  fame  vclL-l  full  of  water,  and  th.it  the 
water  is  gradually  heated.     Then  when  the  mercurial  ih.  r- 

m<".:;Kter 
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tfiough  every  other  fubftancc,  as  far  as  we  know, 
is  continually  expandedby  heat  and  contrafted  by 
cold  i  yet  water  is  expanded  by  heat  from-  about 
40»  of  Fahrenheit's  thertnonxcter  upwards ;  but, 
below  40°  its  bulk  is  expanded  by  a  farriier  dc- 
creaft  of  heat,  or  increafe  of  cold  (fee  p.  86.  vol.  II-) 
and,  in  fadt,  ice  is  lighter  than  water,  fo  as  to  flott 


'  mometec  Is  at  5%  10%  15%  &c.  the  fur&ces  of  the  fluids  in 
the  other  thermometers  will  be  found  at  the  degrees  which 
fiand  on  the  fame  levels  i  for  inllancc,  when  the  mercurial 
diermometcr  llands  at  40*,  the  water  thermometer  will  be 
found  to  Aand  at  20%s ;  the  fpirit  thermometer  will  be 
fiiund  to  Hand  at  35%  the  oil  therm(»neter  at  39'',3t-&c. 
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50 
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43.6 
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45 
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t\ 
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4» 

20,5 
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X 
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35 
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31,3 
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30 
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»5 
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20 
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5 

0,4 

4.2 

3.9 

3.8 

3.4 
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0,0 
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10 
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upon  it ;  the  fpecific  gravity  of  ice  being  to  that  of 
water  nearly  as  7  to  8  ;  whereas  the  ice  of  oil  is 
heavier  than  fluid  oil,  and  finks  in  it. 

The  bulk  of  water  from  the  moft  contradtcd 
{late  of  that  Buid^  whicrh  Is  at  40%  increales 
continually ;  but  the  increafe  is  not  very  reguhu* ; 
for  inftance,  the  increafp  of  bulk  from  180''  to 
aia%  is  confiderably  greater  than  from  40*  to  ^2\ 
If  the  bulk  of  water  at  40'  be  called  i,  its  bulk  at 
212"*  will  be  1,04785,  After  that  degree  of  heat^ 
water  becomes  vapour  5  viz.  an  eladic  fluid,  and 
the  fojrmadon  of  this  elaftic  fluid  on  the  fides  of  the 
veflcl  within  the  water,  forms  the  bubbles,  the 
cfcape  of  which  conftitutes  the  boiling.  Beyond 
that  point  the  water  cannot  be  heated ;  for  all  the 
'additional  heat  combines  with  the  water,  and  renders 
it  vapour,  which  is  claftic  enough  to  overcome  the 
mean  preflTure  of  the  atmofphere*  Water  is  at  Icaft 
2000  times  dcnfer  than  vapour.  When  wafer, 
is  caufed  to  boil  on  a  common  fire,  the  hear, 
which  is  communicated,  cannot  at  once  convert  all 
the  water  into  fteam ;  but  if  the  quantity  of  water  be 
fmall  in  proportion  to  the  quantity  of  heat  which 
can  be  communicated  in  a  given  time,  then  the  corf- 
verfion  of  water  into  vapour  is  much  more  expe* 
ditious,  and  indeed  it  may  be  rendered  inftantanc- 
ous  J  in  which  cafe  it  produces  a  very  great  expan- 
fion  or  an  explofion.  This  happens  with  dreadful 
effects,  when  water  falls  upon  largf  quantities  of 
red  hot  or  fufcd  nietals.     Count  Rumford  juftly 

artr.butes 
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•ttributes  the  vaft  force  of  gunpowder,  to  the  fud- 
dcn  converfion  into  vapour  of  that  quantity  of 
water  which  naturally  enters  into  the  compofition  of 
that  powder  *. 

At  ai  Q^  of  temperature,  water  can  entirely  over- 
come the  mean  preflbre  of  the  atmofphere.  Be- 
yond that  degree  the  vapour  is  expanded  farther 
and  farther,  or  becomes  more  and  more  elaftic  in 
proportion  as  it  is  heated  to  a  greater  and  greater 
degree.  But  below  212*  the  water  can  in  part 
overcome  the  preffure  of  the  atmofphere  j  and,  in 
{vl&,  vapour  is  (cen  to  proceed  from  a  quantity  of 
water  long  before  it's  boiling. 

The  different  powers  of  overcoming  the  preffure 
of  the  atmofphere  at  different  temperatures,  have 
been  afcertained  with  fufficient  accuracy  within 
certain  limits,  principally  by  means  of  the  follow- 
ing  apparatus  f. 

A,  fig.  5.  Plate  XVIIL  is  a  veffel  placed  upon 
a  fmall  furnace  B.  It  has  three  apertures  j  viz.  Oy 
to  which  the  bent  and  open  glafs  tube  otgr  is 
fitted;  the  hole  J,  to  which  a  thermometer  tb  \% 
clofely  adapted,  and  the  tube  x  x,  which  has  the. 
ftop  cock  b.     The  lower  part  mgz  of  the  glafs 


♦  See'  his  very  ingenious  paper  aird  calculation  irt  the 
Philofuphical  Tranfa(Slions  for  1797.  ^^^-  ^'I- 

+  This  method  was  contrived  and  ufcd  by  the  Chevalier 
de  BetUncouit.     See  Dc  Frony's  Arcliit.  Hydraul.  vol.  L 

P-557-    • 

<       tube 


tube  is  filled  with  quickfilver.      This  veffcl  A, 
when  the  (lop-cock  is  clofed^  has  no  communication 
with  the  external  air  ;  therefore  it  is  evident  that  if 
the  air  be  rarefied  within  the  veflel,  the  external  1 
prefliire  of  the  atmofphcre  will  prcfs  the  mercury 
down  into  the  leg  rg^  and  of  courie  will  force  it  to 
rife  into  the  leg  ^  * ;  fo  that  the  difference  of  per- 
pendicukir  altitude  between  the  furfaces  of  the  mer- 
cury in  the  two  legs  (hews  the  degree  of  rarefadion 
within  the  veflcl,  or  the  difference  of  preflfure  be-, 
tween  the  internal  and  the  external  air.    (See  what 
has  been  (aid  with  refped  to  the  gauges  of  the  air- 

« 

pump  in  vol.  IL  p.  485^  and  following.)  On  the 
contrary^  if  the  elafticity  of  the  fluid  within  the 
veflel  be  increafed,  the  mercury  will  be  lowered  in 
die  leg  kg,  and  will  be  raifed  in  the  leg  g  r.  Then 
the  difference  of  altitude  between  the  furfaces  of 
the  mercury  in  the  two  legs  fliews  the  force  of  the 
elaftic  fluid  within  the  veffel;  fo  that  when  that 
difference  of  perpendicular  altitude  is  equal  to  the 
adtual  altitude  of  the  mercury  in  the  barometer,  you 
may  conclude  that  the  force  of  the  elaftic  fluid 
within  the  veffel  is  equal  to  the  preffure  of  the  at- 
mofphcre, &c. 

Now,  when  fome  water  is  placed  in  the  veffel 
A,  and'is  heated,  the  temperature  of  it  is  indicated 
by  the  thermometer  /^,  the  fcale  of  which  projects 
out  of  the  veffel  \  and  the  correfpondent  force  of 
the  vapour  is  indicated  by  the  elevation  of  the 

VOL.  III.  D  mercury 
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mercury  in  the  leg  g  r   above  the  furface  of  the 
mercury  m  dithg  kg\ 

As  the  vapour  of  watcr^  in  order  to  aflfume  the 
elaftic  fbroii  mud  overcome^  more  or  lefs  effedu- 
ally,  the  prcflure  of  the  atmofphcrc,  fo  the  prefiure 
of  the  atmofphere  forms  a  manifeft  oppofition  to 
the  reduction  of  water  into  vapour,  or  to  its  boiling. 
Therefore,  according  as  that  preffure  varies,  viz. 
as  the  barometer  is  high  or  low,  fo  the  water  re- 
quires a  greater  or  lefs  degree  of  heat,  in  order  to 


*  With  refped  to  the  refults  of  the  ext>eriinents,  I  ihall 
only  mention  a  few  in  the  following  table,  from  whidi  the 
force  for  the  intermediate  degrees  of  heat  may  be  eafily  eon* 
ceived.-— The  firft  column  contains  die  temperature  of  the 
water  in  degrees  of  Fahrenheit's  fcale ;  the  fecoiid  contains 
the  correfpondent  altitudes  of  the  mercury  it  fupports  in 
inches  and  decimals* 


50* 

100 

ISO 
i6o 
170 
180 
190 
200 
212 


0,106 
1,600 

6,7*5 
8,740 

11,405 

14,709 

18,227 

22,703 

29,89 


fuppofing  the  barometer  to  (land  at  its 
mean  altitude,  viz.  29,89. 

Beyond  the  boiling  point  every  additional  30*  of  heat 
nearly  double  the  elafticity  of  fteam ;  fo  that  at  the  tem- 
perature of  242^,  the  elaftic  force  of  fteam  is  equal  to  the 
prefllire  of  two  atmofpheres ;  at  272*  it  is  equal  to  four  at* 

mofphem;  at  302*  it  is  equal  to  eight  atmofpheres,  &c. 

boil. 
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boiL  Hence^  upon  mountains  water  boils  at  a 
lower  temperature  than  on  the  plains  *^  and  in 
clofed  veflels^  or  under  an  additional  preiTure,  water 
can  be  heated   to  a  much  greater  degree  than 

212*  f. 

The  lingular  property  of  water,    viz.  that  in 
cooling  from  the  40th  degree  downwards^  it  ex« 


•  The  precife  degrees  of  heat  (Fahrenheit's  thermocne- 
tcr)  at  which  water  will  boil  at  different  altitudes  of  the 
faarometer,  both  according  to  Mr:  De  Luc's,  and  Sir  G; 
Shuckburg's    obfer^'ations,    are    ftated  in  the  following 


table. 


Hc%ht  of 
•the  baro- 
aeter* 

Heat  of  boiling  waler, 
according  to 

^Mr.DeLac. 

Sir  0.  Sb; 

26, 

26,5 

27>S 
28, 

28,5 

29. 

^5 

3o> 

30,5 

3i» 

205,17 
206,07 
206,96 
207,84 
208,69 

209,55 
210,38 
210,20 
212,00 
212,79 

^'3.57 

204,91 
205,82 

206,73 

207,63 

208,25 
209,4  c 
210,28 

211,15 

212,00 
212,85 
213,69 

f  Water  beated  in  a  clofed  ftrong  veiTel  may  be  rendered 
even  red-hot ;  in  which  ftate  it  acquires  a  prodigious  expan- 
five  force,  as  alfo  a  diffolving  power,  fuch  indeed  as  to  dif- 
ibhre  even  bones.  It  is  from  this  property  that  a  ftrong 
veflel  fit  for  this  experiment,  and  capable  of  being  accurate- 
ly clofed,  has  been  cidled  a  digtftir^  or  from  its  inventor 

PapirCs  digejier, 

D  2  pandSi 
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pands,  and  becomes  lighter  and  lighter,  in  propor- 
tion as  it  beconfies  colder  and  colder,  is  a  mbft 
ftriking  inftance  of  the  'wifdonn  of  the  Creator,  and 
is  a  circumftance  of  immenfe  confequtnce  to  the 
very  exiftence  of  animal  and  vegetable  life. 

A  quantity  of  fluid  water  is  irtdifpenfably  neceflary 
*  both  to  animals  and  to  vegetables  at  all  times  of 
the  year.  When  in  winter  the  cold  air  freezes  the 
furfece  of  water,  that  efl^cft  fcldom  penetrates  lower 
than  two  or  three  {i:xx.\  below  that  depth  the 
water  continues  fluid,  and  the  crufl:  of  ice  itfelf 
contributes  to  preferve  its  fluidity.'  The  heat  of  the 
earth  which  has  been  acquired  during  the  fummer, 
undoubtedly  prevents  the  formation  of  ice  beyond 
a  certain  depth.  But  if  water  in  cooling  had  con- 
tinued to  increafc  in  fpecific  gravity,  and  had  ice 
been  adlually  heavier  than  water,  the  heat  of  the 
earth  v/ould  not  have  fufBced  to  prevent  the  total 
freezing  of  all  the  waters  of  lakes,  fcas,  &c*  ^'  For,'* 
rays  an  eloquent  modern  writer^  *'  as  the  p&rticles  of 
water,  on  being  cpoled  at  the  furfece,  ^would  in 
confequehce  of  fhc  increafe  of  their  fptcific  gra- 
vity,  on  parting  with  a  portion  of  their  heat,  im- 
mediately defcend  to  the  bottom,  the  greateft 
part  of  the  heat  accumulated  during  the  fum- 
mer in  the  earth,  on  which  the  .water  repofes^ 
"  would  be  carrieti  off^  and  loft  before  the  water 
"  began  to  freeze  5  and  when  ice  was  once  formed^ 
**  its  thickncfs  wouW  increafc  with  great  rapidity, 
*'  and  would  continue  increafing  during  the  whcfle 
*^  *'  winter  i 


u 
u 
u 
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''  winter ;   and  it  feems  rery  probable  that  in  .cli« 
''  mates  which  are  now  temperate,  the  water  in 

the  large  lakes  would-be  frozen  to  fuch  a  depth 

in  the  courfe  of  a  fcvere  winter,  that  the  heat  of 
*'  the  enfuing  fumnier  would  not  be  fufEcient  to 
^  thaw  them;  and  fhould  this  once  happen,  the 
^'  following  winter  would  hardly  fail  to  change  the 
<(  whole  mafs  of  its  waters  to  one  fo}id  body  of 
"  ice,  which  ncyer  more  could  recover  its  liquid 
^  form,  but  muft  -remain  imn(K)veable  till  the  end 
"of  time  V 

It  has  been  already  remarked,  that  t^ugh  ice 
melts  at  32^*  yet  water  deep  not  freeze  at  32%  but 
it  requires  to  be  cooled  fome  degrees  lower  before 
it  will  acquire  the  folid  form.  This  is  alio  the  cafe 
with  mer/cury ;  viz.  it  bears  to  be  cooled  fome  de- 
grees below  —  40"*. 

Several  fefts  which  have  been  obfcrved  by  va- 
rious experimenters,  have  thrown  a  good  deal  of 
light  upon  this  (ingular  phenomenon,  yet  the  real 
caufe  of  it  is  far  from  being  clearly  underftood. 

It  ha3  been  frequently  afllbrt^,  that  boiled  water 
freezes  fooncr  than  unboiled  water ;  and  this  may 
be  true  with  refpedt  to  impure  waters,  becaufe  as  a 
mixture  of  falts,  or  acids,  or  earths,  or  alkalies^  &:c. 


•   Count   Ruaiford"s  7th    Eflay,    chap.  III.  wherein 

this  fubjeS  is  confidefed  at  large  under  different  points  of 

view. 

D  3  renders 


3?  The  Theory  tf  Heat,  (^c. 

renders  water  lefs  liable  to  be  frozen  than  pure 
water^  the  boiling  may  caufe  a  precipitation  or 
evaporation  of  the  fait,  «rth,  &c-  and  thus,  by 
leaving  the  water  in  a  purer  ftate,  may  render  it 
more  capable  of  being  frozen.  But  the  boiling  of 
pure  (viz.  diftilled)  water,  which  feems  to  do 
nothing  more  than  deprive  it  of  air,  certainly  ren- 
ders it  lefs  apt  to  freeze;  for  water,  thus  deprived 
of  air  has  beerf  often  cooled  feveral  degrees  below 
32*5  viz.  even  fo  low  as  to  14**,  before  it  would 
freeze  *. 

When  water  has  been  cooled  as  many  degrees 
below  212*  as  it  will  bear  without  freezing,  the 
congelation  in  that  cafe  may  be  haftened  by  various 
means,  viz.  by  t  fudden  ftroke  againft  the  fides  6f 
the  veflel,  by  touching  the  furface  of  the  water  with 
a  piece  of  ice,  by  placing  a  largifh  piece  of  metal 
in  contaft  with  the  outfide  of  the  veffel,  &c.  Th6 
water  then  will  (hoot  into  cryftals  in  a  very  ftriking 
manner,  and  will  acquire  the  folid  form,  almoft  in. 
flantaneoufly ;  the  thermometer,  which  has  its  bulb 
in  it,  rifing  at  the  fame  time  immediately  to  3  a*  f. 


*  Mr.  De  Luc's  Idksfur  la  Mgii9r9ligie,  tom.  II.  p.  iq^. 
Yet  in  the  atmofphere,  water  begins  to  freeze  when  th^ 
temperature  of  the  atmofphere  is  very  litdc  below  ja*. 

t  For  farther  particul^irs  itfftBdng  this  property  of 
water,  as  alfo  for  th^  coqcdures  which  have  been  offered 
in  explanation  of  it,  fee  the  Philofophical  Traniadions, 
vol.  for  1788.  Art.  X. 

A  fiqpiilar 
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A  fimilar  efied  is  produced  by  the  freezing  of 
quickQlver. 

The  admixture  of  faline  and  feveral  other  fab- 
ifauKcs  lower  the  freezing  point  of  water ;  but  it  is 
impoflible  to  examine  the  numerous  fads  whicH 
may  be  obferved  with  refped  to  the  infinite  poffiblc 
oombioations  of  water  with  other  fubftances ;  we 
ihall^  howeveri  ilate  the  principal  phenomena  which 
relate  to  the  congelation  of  falt-water  or  fea«waterj 
which  is  of  more  general  confequence. 

Sea^water^  which  at  a  mean  may  be  laid  to  con- 
tun  i-28th  of  its  weight  of  fait *»  muft^  be  cookd 
to  about  o*  before  it  will  freeze.  A  frigorific  mix- 
ture of  three  parts  of  pounded  icc^  and  two  parts  of 
oommoQ  bXu  which  will  lower  the  thermometer  to 
-— 4*t,  is  quite  fufficient  to  freeze  it. 

A  quandty  of  fea-water  is  never  entirely  con- 
gealed,  a  portion  of  it  does  always  remain  fluid ; 
and  what  is  very  reinarkable,  this  fluid  poruon  is 
incomparably  more  full  of  falt^  and  more  naufeous* 
than  the  firozen  part ;  fo  thai  if  the  former  be  fcpa* 
rated^  the  latter,  on  being  nielced,  will  be  found  to 
contain  much  leis  falt^  &c.  than  it  did  before  the 
congelation.  If  this  water  of  the  firft  purification 
be  ag^  congealed^  which  requires  lefs  cold,  it  will 

*  See  Dr.  Watfon's  Chem.  Effays,  vol.  II.  Effay  IV. 

t  The  negative  fign,  viz.  a  ftroke  before  the  number 
of  degrees,  means  fuch  number  of  degrees  below  the  o  of 
the  fcale. 

D  4  alfo 


aTfo  ka?c  a  fluid  portion,  which  will  be  found  ta 
contain  a  greater  proportion  of  fait  than  the  con- 
gealed part,  and  nnay  be  feparated  from  it  Thus 
by  repeatedly  freezing  the  fame  fea-water,  and  le- 
parating  the  fluid  from  the  congealed  part  in  every 
operation,  you  will  at  laft  obtain  the  water  perfcdly 
purified,  and  fit  for  drink  and  other  purpofcs.  Sea- 
water  thus  purified,  by  means  of  fix  fucceflSve  con- 
gelations, has  been  found  perfeftly  fweet,  capable  of 
diflTolving  fope,  and  fo  nearly  of  the  fpecific  gravity 
of  rain-water,  that  the  former  was  to  the  latter  as 
7801  to  7800*. 

Thefe  fa6ts  will  eafriy  explain  why  fome  naviga- 
tors have  found  the  ice  of  fea-water,  when  melted, 
not  good  for  drink,  whilft  others  have  found  it  very 
fweet  and  ufefol,  as  it  proved  to  Captain  Cook's 
esjpedition  near  the  fouth  pole. 

After  the  liquids,  it  will  be  neceffiry  to  notice 
the  expanfibilicy  of  the  aerial  fluids,  and  here  we 
muft  confine  ourfelves  almoft  entirely  to  common 
air ;  for  the  variotis  experiments  which  have  been 
made  with  other  permanently  claftic  fluids  are  by 
no  means  conclufive  ;  excepting  their  having 
proved  that  hydrogen  gas  is  e5?panded  by  'means 
of  heat  confidcrably  more  than  common  air. 

The  inftrument  in  which  the  expanfion  of  air  is 
tried  has  been  called  manometer^  but  in  truth  it  is 


*  Slee  the  Chevalier  Lorgna's  Experiments,  concerning 

the  purification  of  fea-water. 

only 


^be  theory  of  Heat^  (^c.  41 

only  an  air-thcraiomctcr,  and,  though  racher  larger, 
it  is  not  however  unlike  the  comnr.on  thermometer; 
viz,  it  confifts  of  a  rube  five  or  fix  feet  long,  having 
a  bulb  at  one  end  and  open  at  the  other.    The  bore 
of  the  tube  is  about  a  20th  of  an  inch  in  diameter.  A 
fmall  quantity  of  quickfilver  is  placed  in  fome  part  of 
die  cavity  of  the  tube,  and  the  expanfion  of  the  air  of 
the  bulb,  when  heated,  forces  the  quickfilver  to  move 
towards  the  open  end  of  the  tube.  The  degree  of  heat 
to  which  the  n[\anomcter  is  expofed,  is  meafured  by 
means  of  a  thermometer  j  the  quantity  of  expanfion 
of  the  air  is  afcertained  by  gauging  the  manometer, 
and  making  marks  on  the  tube,  which  marks  may 
indicate  parts  of  the  cavity  of  the  tube  that  are  pro- 
portional to  the  capacity  of  the  manometer,  as  for 
inftaAce,    lOodis    or  loooths,   &c.      See   fig.  6. 
Plate  XVIII. 

By  placing  the  manometer  horizontal  or  vertical, 
either  with  the  bulb  downwards  or  the  bulb  up- 
wards, the  air  in  it  mav  be  either  left  of  the  natural 
dcnfity,  or  it  may  be  condenfed,  or,  laftly,  it  may 
be  rarefied  ;  for  when  the  manometer  is  horizontal, 
the  quickfilver  a  b  docs  neither  prefs  upon  the  air 
of  the  manometer,  nor  on  that  of  the  atmofphere; 
when  the  bulb  is  downwards,  the  quickfilver  ab 
preflcs  upon  the  air  of  the  manometer,  and  when 
the  bulb  is  upwards,  the  quickfilver  ab  preflcs 
againfi:,  and  counterads,  in  fome  meafure,  the 
gravity  of  the  atmolphere.  Hence  this  preflure 
and  this  rarefadion  of  the  air  within  the  mano- 
meter 
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meter  may  be  increafcd  to  any  required  degree  by 
increaCng  the  quantity  ab  oi  the  quickfilver  within 
tl^  tube ;  and  thus  die  expanlibiltty  of  common^  or 
of  condenfed,  or  of  rarefied  air  may  be  tried. 

The  expanlion  of  air  by  the  fame  degrees  of 
heat,  differs  accordir^  to  its  denfity,  and  to  the 
quantity  of  moifture  it  contains  i  nor  are  the  incre- 
ments of  its  bulk  proportional  to  the  degrees  of 
temperature. 

It  appears  from  Col.  Roy's  very  numerous  ex- 
periments*, that  I  GOO  parts  of  air,  of  the  denfity 
of  the  common  atmofphere,  at  o''  of  heat,  become 
1484,21  at  212%  viz.  are  expanded  484,21  by 
2 1 2**  of  heat. 

1000  parts  of  air,  loaded  with  2f  atmofpheres^ 
are  expanded  434  of  thofe  parts,  by  2i2<*  of 
heat. 

1000  parts  of  air  prelTed  only  with  ^  ths  of  an 
atmofphere,  are  expanded  nearly  484  of  thofe  parts 
by  212**  of  heat. 

1000  parts  of  air  preiTcd  with  .^th  of  an  at- 
mofphere, are  expanded  about  141  parts  by  180'' 
of  heat;  viz.  from  the  freezing  to  the  boiling  point. 
From  thefe  laft  experiments,"  fays  CoL  Roy, 

it  would  feem,  that  the  particles  of  air  may  be 
•'  fo  far  removed  from  each  other,  by  the  diminu- 
"  tion  of  prefTure,  as  to  lofe  a  very  great  part  of 
"  their  elaftic  force." 


€1 


•  Philofophical   Tranfaaions,   vol.   LXVII.    Article 

XXXIV. 

The 
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The  abovcmcntioned  cxpanfions  are  by  no  means 
regular;  viz,  they  are  not  proportional  to  the 
mnnber  of  degrees  of  heat.  The  maximum  of 
eipanfion  takes  place  between  52"*  and  72"*,  and 
the  miniihum  is  conftantly  at  the  boiling  point  of 
water. 

Moift  air  expands  vaftly  more  than  dry  air,  efpc- 
cially  when  it  approaches  the  boiling  point  of 
water  i  fo  that  between  1 92*  and  2 1 2*  moift  air 
expands  about  8  or  9  times  as  much  as  dry  air  in 
fimilar  circumftances. 

From  ail  what  has  beeo  faid  widi  refpei^  to  the 
exponfion  of  fluids,  it  appears  that  on  account  of 
die  great  irregutarity  of  the  rate  of  expanfion,  mer- 
cury and  (pint  of  wine  are  the  only  two  fluids  which 
can  be  ufcd  for  thermometers ;  obfirrving  that  fomc 
compen(arion  muft  be  made  in  the  fcale  of  the  fpi- 
rit  thermometer,  in  order  to  make  it  correlpond 
with  the  fcale  of  die  mercurial  thermometer.  But 
the  mercurial  thermometer  cannot  indicate  a  tem* 
perature  higher  than  600**.  Hence  various  inge- 
nious perfons  have  endeavoured  to  contrive  inftru- 
ments  capable  of  indicating  the  higher  degrees  of 
heat,  which  would  be  of  great  ufe  in  philofophy, 
chcmiftry,  and  various  arts  *  j  but  the  only  ufcful 

contrivance 


•  It  is  mentioned  by  De  Magellan,  in  his  EJfay  fur  la 
luuvilU  Theorti  iu  Feu  iUmentaire^  1780,  that  Mr.  Achard 
of  Berlin  had  contrived  and  executed  a  thermometer  capable 

of 
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contrivance  of  this  fort  was  made  by  the  late  Mr. 
Wedgwood.      This  ingenious  gentleman  applied 
;  to  the  meafiiring  of  high  degrees  of  heat>  a  fingi^ar 
(property  of  argillaceous  bodies,  a  property  which 
•  obtains  more  or  lefs  in  every  kind  of  them»  as  far  as 
has  been  examined.     This  property  is,  that  an  ar- 
gillaceous fubftance,  when  exppfed  to  a  fire>  is  di« 
ininifhed  in  bulk  by  it,  nor  does  the  bulk  increafe 
again  after  cooling ;  and  this  diminution  pf  bulk  is 
proportionate  to  the  degree  of  heat  Co  which  the 
fubftance  has  been  expofed. 

This  prope^  may  ieem  to  be  a  deviation  from 
the  general  rule,  viz.  that  heatexpandsallibrtsof 
bodies,  and  that  a  diminution  of  heat  eiiables  them 
to  contradt.  their  dimen(ionss  but  in  this  cafe  it 
muft  be  confidered  that  the  clay-pieces  contract  and 
remain  contraded,  becaufe  fome  fubftance,  viz. 
water  and  an  aeriform  fluid,  is  feparated  from  them 
by  the  aftion  of  the  fire. 

Mr.  Wedgwood's  thermometer,  or  apparatus  for 
meafuring' the  high  degrees  of  heat,  confifts  of  fmall 


of  meafuring  the  degrees  of  heat  from  212**  to  a  confiderable 
number  beyond  600* ;  the  tube  and  bulb  of  this  thermomc- 
'ter  arc  faid  to  confift  of  a  fcmi-tranfparent  porcelain,  and  to 
be  filled  with  a  mixture  of  two  parts  of  bifmuth,  one  of  lead, 
and  one  of  tin,  which  metallic  mixture  melts  at  about  the 
point  of  boiling  water,  and  is  afterwards  expanded  by  an 
increafe  of  heat.  But  I  never  faw  one  of  thofo  thermo- 
meters. 

pieces 
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pieces  of  clay  of  a  determined  length,  which  arc  to 
be  placed  in  the  furnace,  crucible,  &c.  whofc  degree 
of  heat  is  to  be  afcertained,  and  of  a  gauge  to  mea- 
furc  the  contraftcd  dimenfions  of  the  clay-pieces, 
after  they  have  been  cxpofcd  to  the  fire. 

Fig,  7.  Plate  XVIII.  reprefcnts  the  gauge,  which 
is  either  of  brafs  or  of  porcelain.  Fig.  8.  reprefcnts 
a  (e£tioQ  of  the  fame ;  and  the  letters  refer  to  the 
like  parts  in  both  figures.  EFHG  is  a  fmooth  flat 
phte;  AC,  BD,  are  two  rulers  or  flat  pieces,  a 
quarter  of  an  inch  thick,  and  fixed  fafl:  upon  the 
plate,  fo'  as  to  form  a  converging  canal  A6CD, 
whofe  width  at  CD  is  three^fifths  of  the  width  at 
AB.  The  whole  length  of  the  canal  from  AB  to 
CD,  is  divided  into  240  equal  parts,  and  the  divi-. 
fions  are  numbered  from  the  wider  end.  It  is  evi- 
dent that  if  a  body,  fo  adjufted  as^o  fit  exaftly  the 
wider  end  of  this  canal,  be  afterwards  diminifhed  in 
its  bulk  by  the  adion  of  fire  (as  the  thermomctri- 
cal  pieces,  which  will  be  defcribed  in  the  next  para- 
graph) it  may  then  be  pafled  further  in  the  canal, 
and  more  fo,  according  as  the  diminution  is 
greater. 

The  thermomctrical  pieces  are  fmall  cylinders  of 
day*,  a  little  flattened  on  one  fide.      They  arc 

.    nearly 


♦  As  different  fpecimcns  of  clay  are  contracted  diiFerently 
by  the  like  degrees  of  hear,  Mr.  Wedgwood  endeavoured 
to  fiud  a  fyrt  of  argillaceous  fubftance,  which  might  be 

conftant 
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die  correfpondencc  between  the  degrees  of  Fahren- 
heit's fcalc  and  the  laft-mcritioned  gauge,  by  placing 
them  alternately  in  water  of  the  temperature  of  50% 
and  in  boiling  water.  Then  he  found  the  cor- 
refpondcnce  ben\'een  the  degrees  of  the  gauge  of 
the  filvcr  piece,  and  that  of  the  earthen  thermome- 
trical  pieces,  by  placing  them  both  at  the  faine 
time  into  different  and  higher  degrees  of  hcatj 
laftly,  by  computation  from  thofe  refults,  he  deter- 
mined the  correfpondencc  between  the  degrees  of 
Fahrenheit's  fcale  and  thofe  of  his  o^frn  thermomc- 
trical  gauge  *. 

It  was  found  that  one  degree  of  Wedgwood's 
thermometer  is  equal  to  130*  of  Fahrenheit's  5 
and  that  the  o  of  Wedgwood's  coincides  with  the 
1077,*5  of  Fahrenheit's  ;  from  which  data  a  com- 
parifon  of  the  two  thermometers  may  be  made,  or 
rather  of  the  imaginary  extenfions  of  their  two 
fcales  ;  for,  in  faft,  Fahrenheit's  thermometer  can- 
not  fhcw   higher    than  600** ;   and  Wedgwood's 


»  If  it  be  afked  why  could  not  the  abovementioncd  gauge 
with  ihe  filver  piece  be  ufed,  in  chemical  and  other  pro- 
cefies,  for  meafuring  the  intermediate  degrees  bctu'cen  the 
thermometers  of  Fahrenheit  and  Wedgwood  ?  The  anfv.er 
is,  that  the  piece  of  iilver,  after  being  expanded  by  heat, 
does  not  remain  in  that  {late,  but  is  contradied  in  cooling; 
therefore  it  muft  be  meafured  whilft  hot ;  and  for  this  pur- 
pofe  the  gauge  itfelf  muft  be  aflually  expofed  to  the  fame 
degree  of  heat ;  which  is  attended  with  very  great  inconve- 
niences, 

cannot 
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cannot  reach  ne^r  fb  low.  It  ik  likewife  to  be  ob« 
ferved  that  the  degrees  of  Wedgwood's  fcale  are 
fuppofed  to  Ihew  equal  increments  of  heat  $  whereas 
in  truth  we  do  not  know  whether  the  clay  thermo- 
metrical  pieces  contraft  in  proportion  to  the  incre- 
ments of  heat ;  which  (hews  that,  though  this  is  the 
heft  known  thermometer  for  meafuring  the  higher 
degrees  of  heat>  yet  an  imprqvqnent  of  the  iame^ 
or  fome  other  more  manageable  and  more  accurate 
contrivance,  is  highly  defirable. 

Upon  the  whole  it  appears,  that  the  fpirit  dier^ 
roometer  enables  us  to  meafure  the  degrees  of  heat 
as  low  as  has  ever  been  ezperiencedy  either  na- 
turally, or  by  artificial  cooling ;  that  the  mercurial 
thermometer  enables  us  to  meafure  the  heat  fix>nl 
—  40*  to  6#o' ;  and  that  Wedgwood's  thermo- 
meter enables  us  to  meafure  from  a  red  heat  up 
to  the  farther  extent  of  that  fcale,  viz.  to  its  240th 
degree,  which  is  reckoned  equivalent  to  32277''  of 
Fahrenheit's  fcale  ♦• 

The  following  Table  contains   the  correfpon- 

dence  between  Fahrenheit's  and  Wedgwood's  ther- 

• 

mometer;  and  it  exhibits  a  confiderable  number 
of  peculiar  efieds  or  phenomena,  which  have  been 
found  to  take  place  at  particular  degrees  of  heat. 


•  For  fiirther  particulars  rdpefting  Mr.  Wedgwood's 
thermometer,  fee  the  Philofophical  Tran(adions,  vol. 
LXXII.  Art.  XIX.  vol.  LXXIV.  Art.  XXVII.  and 
ToLLXXVI.  Art.  XXII. 

^OL.  iir.  £  Extremitf 


Fahreii. 
A  compound  of  equal  parts  (rf*  tin  and  bif-' 

muth  melts      -        -        -        .    ,    -    ajgj* 

Nitric  acid  boils  *  -        -     •    -         -     242 

A  faturated  foludon  of  ialt  boils f    -        ->     %\%. 

Water  boils  (the  barometer  being  at  30 

inches)  v  alfo  a  compound  of  5  parts  of 

bifmuthj  3  parts  of  tin^  and  2  parts  of 

lead,  melts        -         -        -        -        -     212 

A  compound  of  3  parts  of  tin,  5  of  lead, 

and  8  of  bifmuth,  melts  rather  below    -     2x0 

Alkohol  boils      -       -         •         -        •         174 

Serum  of  blood  begins  to  coagulate ;  alfo 

albumen,  or  the  white  of  an  egg,  coagu* 

lates       -        -        -        -        -        -     156 

Bees  wax  melts    -         -        -        -        -     142 

Fcveriih  heat  from  107''  to      -        -        -    H2 

Heat  fit  for  the  hatching  of  hen's  eggs      -     108 

The  moil  ufual  heat  for  a  pleafant  bath     -     106 

« 

Heat  of  the  interior  bath  of  Edinburgh     -     100 


*  Tranfadions,  voI.73d,  p. 3 13)  formerly  kept  a  thermometer 
^  In  melted  tin  and  lead,  till  they  became  folid;  the  tber* 
<<  mometer  remained  perfei^y  ftationary^  from  the  time  ike 
<<  metal  began  to  harden  round  the  (ides  of  the  pot  till  it 
^  was  entirely  folid ;  but  I  could  not  perceive  it  to  fink  at 
<<  all  below  that  point,  and  rife  up  to  it  when  the  metal  be* 
**  gan  to  harden.'* 

•  Concerning  the  freezing  point  of  this  acid,  fee  the 
PhU.  Tranf.  vol.  76th,  Art.  XIII. 

t  Some  air  •  expelled  before  the  ]pat  of  212* 

AnimU 
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•  

Fahren. 
Animal  heat,  or  ..  ^  ^^^  ^^^^  ^.  ^^   .     ,^o  , 

Water  freezes,  or  rather  icc  ^.^^^  ^^  ^j^      3^ 

MiJk  freezes  -        -        ...  ^a 

30 

Vinegar  freezes  at  sd)out  -  -  -  a» 
Human  blood  freezes  -  *  •  **  ^5 
Strong  wines  freeze  at  about  -  -  -  20 
A  mixture  of  i  part  of  alkohol  and  3  parts 

of  water  freezes    -     -      -        -        -        y 
..,A  mixture  of  alkohol  and  water  in  equal 

quantities  freezes         •        •        ^        .    — j 
A  mixture  of  2  parts  of  alkohol  and  i  of 

water  freezes     -        *        -        -        -  — n 
Mercury  congeals  *       -        -        -        -  —39 

Solids 


.  *  In  afTuming  the  folid  form^  mercury  contra<^  its  bulk 
irregularly,     ypon  the  whole  it  feems  to  contract  about 
^d  of  its  bulk  ;  but  it  is  impoifible  to  by  how  much  more 
it  may  contra^  by  a  greater  cold.    Mercury  may  be  cooled 
fome  degrees  below  its  freezing  point,  before  it  aiTumes  the 
fdid  form ;  but  as  foon  as  it  begins  to  harden,  the  thermo- 
meter rifes  CO  its  freezing  point,  which,  from  a  variety  of  the 
m€&  accurate  experiments  made  by  Mr.  Hutchins  at  Hud- 
Ibn's  Bay,  appeared  upon  his  thermometers  to  be  —40.  ^<  But 
(Mr.  Caveridifhobferves  in  the  Phil.  Tranf.  vol.  73d,  p.  321) 
-<<  as  it  appeared  from  the  examination  of  this  thermometer, 
^  after  it  camehome,  that -—40  thereon anfwers  to — 38*^ 
^  on  a  thermometer  adjufted  in  the  manner  recommended 
^  by  the  committed  of  the  Royal  Society ;  it  follows,  that 
^  all  the  experiments  agree  in  (hewing  that  the  true  point  at 

£  3  <^  whidi 
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Solids  are  expanded  by  heat  -  '**  ^^'^  **** 
fluids  s  aftd,  indeed,  th^-  ^"^"^^  ^^  ^  ^'^^^  1*^ 
in  nature/ nan--^^^^^*^  ^"  general  bodies  of  lofs 
depH^j  are  expanded  more  than  other  bodies  of 
greater  dcnfity.  This  law,  liowever>  has  feyeral 
exceptions,  efpeciaHy  amongft  the  (bUds.  Thus  hy-. 
drogen  gas  is  expanded  more  than  common  air ; 
common  air  more  than  fpiric  of  wipe;  fpirit  ^f 
\Vine  more  than  water ;  water  more  than  mercury  s 
mercury  niore  than  iron  j  iDut  iron  le&  than  tiHi 
though  tin  is  fpeciftcally  lighter  than  iron. 

-  The  inftruments  for  meafuring  the  expanfions  of 
f6Kds,  have  been  called  fyrometers^  (viz.  meafurers 
f)f  fife)  5  and  they  have  been  made  of  a  great  variety 
ibf  (hapes.  The  whole  confifts  of  a  machine  capable 
pf  rendering  the  fmali  expanfions  of  folids  apparent 
CO  the  obferver,  and  of  an  apparatus  fit  to  heat  the 
oodie$  under  examination  to  a  determined  degree. 
The  moft  uffiial,  and,  indeed,  the  moft  eligible,  mode 
of  heating  the  bodies,  is  to  place  them  in  water^ 
wherein  a  thermQmetef  is  placed,  and  to.  heat  the 
water  by  means  of  lamps^    The  frpall  expanfion^ 


?•  which  quickfilvcr  freezes,  is  — 38*»  f ,  or  in  whole  numbcrSi 
^Vt  below  nothing/* 

In  becoming  folid^  mercury  fometimes  (hoots  into  chry» 
ilds  or  longitudinal  filaments  like  pins.    Congealed  iiier*> 
trury  pofTefTes  confidfcrable  dudility ;  but  it  does  not  feettt ' 
to  be  pei)e6Uy  malleahl^.    See  the  Phil.  Tranf«  yd.  73d, 
FartlL  ' 


of  the  heated  folkk  hayie  been  rendered  vifible)  id, 
bjr  multiplying  wheels,  or  by  leavers,  or  by  fine 
(crews,  which  render  a  fmall  motion  commtinicated 
to  one  end  of  the  mechanifm  produdtire  of  a  great 
ffiovemenc  at  the  other  end;  and  idly,  hf  tozg^ 
nifying  the  fmall  expanfion  through  micforc6pes  i 
which,  i3pon  the  irilolc,  feems  to  be  by  far  the  mod: 
certain  and  the  moft  manageable  method ;  for  witH 
wheels  and  pinions,  and  even  with  levers  or  fcrews^ 
there  is  always  ibnie  equivocal  motion,  arifing 
^fXMD  the  loofe  cohneftion  of  teeth  ^  pinions, 
or  from  the  ftreis  and  bendiiig  of  other  piute  ^« 

'      f  h€ 


*  Mifffchembroek  feems  to  have  been  the  firft  inventor 
of  the  pyrometer.  See  his  Pyrometer,  with  alterations  and 
improvements  by  Defagulier,  in  Delagulier's  Exp,  Philv 
voL  L  p.  421* 

Mr.  Eilicot  contrived  a  different  mechanifm,  which  ii 
dcfcrihed  in  die  Phil.  Tranf.  N,443.  With  that  pyro* 
meter  he  determined  the  proportional  expaniions  of  feven 
metaHic  fubdanpes,  produced  by  the  fame  increafe  of  tem- 
perature.    They  are  ^s  follows  : 

Gold.    Silver.    Brafs.     Copper.     Iron.     Steel,    Lead. 
73        J03        95  89         60         56       149 

A  \^ry  ftmple  pyrometer,  more  ufeful  for  {hewing  tlje 
expanfion  of  metals  in  4  courfe  of  le£lur^s,  than  for  accuracy 
of  meafiirem^nts,  is  defcribed  by  Fergufon  in  thcv  fupple- 
ment  tp  bis  le£hires. 

Mr.  Smeaton  contrived  a  pyrometer,  which  is  vaftly  fu*- 
periift  to  any  that  bad  been  coQftru<Sted  before)  either  in  this 

£  4  country 


The  bcft  inftrument  of  the  kind,  in  point  of  ac* 
curacy,  is  undoubtedly  Mr,  Ramfden's  pyrooieter* 
of  whofe  conftru Aion  I  Aall  now  give  a  (hort  idea^ 
referring  the  reader  for  farther  particulars  to  the 
original  ajnd  particular  defcription  in  the  Philofo* 
phical  Traofafbions. 

The  metallic  bar>  whoffe  expanfion  is  to  be  thea^ 
fured,  and  which  may  be  even  five  feet  long,  it 
|>laced  in  a  copper  trough  little  longer  than  five  feet  i 
and  this  i$  placed  over  la  fpirit  lamps,  the  flames 
of  which  can  heat  the  water  of  that  trough  fully  to 
the  boiling  pbint,  and  of  courfe  heat  the  bar  which 
}s  plunged  in  it. 

Two  other  wooden  troughs,  alfo  full  of  water, 
are  placed  parallel  to,  and  at  a  little  di(lance  from, 
the  copper  one.  Cach  of  thefe  contains  a  cafl  iron 
priQnatic  bar ;  to  the  ends  of  one  of  thofe  bars 
two  microfcopes  are  faftened  in  an  horizonul  (ituai- 
tion,  perpendicularly  to  the  bars.  One  of  thofe  mi* 
crofcopes  is  furnilhed  with  a  micrometeri  or  me«i 


country  or  clfewhere,  and  with  it  he  determined  the  expand 
fibility  of  feyeral  Aibftancps  to  9,  coniiderable  degree  of  ac* 
curacy.  See  the  Phil.  Tranf.  vol.  48tb.  See  alfo  De  Luc's 
pyrometer  in  the  Phil.  Tranf.  vol.  68th.  But  all  diofe 
contrivances  muft  be  confldered  as  inferior  to  a  pyrometer 
which  was  contrived  by  the  late  very  ingenious  M^.  Jefiey 
Ramfden' ;  of  which  an  accurate  and  minute  defcription  is 
given  by  General  Roy,  in  the  y^th  vpl,  of  tl^e  Philofopbic^ 
T^nm&^ons, 

cfiftnifm^ 
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cbanifift,  to  mcafure  the  magnified  image  of  an  ob- 
jcft;  the  other  miefofcope  has  a  fimple  mark- 
Now,  without  entering  into  any  particular  detail^ 
which  would  not  be  proper,  previous  to  the  de- 
fcription  of  microfcopes,  I  (hall  only  fay,  that  the 
parts  of  the  microfcopes,  as  alfo  the  proper  marks 
for  meafurement,  are  fo  feparated  and  dilpofed, 
partly  upon  the  ends  of  the  caft-iron  rods,  and  partly 
upon  the  ends  of  the  rod  under  examination^  that 
if  any  of  them  be  lengthened  or  fhortened,  that  al-r 
teration  is  clearly  perceived  through  the  micro-» 
fcopes,  and  may  be  meafurcd  by  means  of  the 
micrometen  It  follows,  that  if  the  temperature 
of  die  caft-iron  prifmatic  bars  be  kept  unalter-» 
ed,  whilft  that  of  the  bar  under  examination  is  in- 
crcafed^  then  the  ingreafe  of  length,  which  is  mea- 
fured  by  the  micromotcr,  muft  be  attributed  to  that 
bar  only ;  and  by  this  means'  the  expanfions  of  fcvea 
fubftances  were  afcertained  *» 

The  following  table  (hews  in  parts  of  an  inch 
how  much  a'  foot  length  of  different  fubftances  is 
expanded  by  180**  of  heat,  between  the  freezing 
and  boiling  point  of  water.  To  the  firft  feven  fub- 
ftances* (having  been  examined  in  Mr.  Ramfden's, 
which  is  by  far  the  moft  accurate,  pyrometer),  I 
Juve  added  the  expanfions  for  a  fmgle  degree  of 
beat.  The  reft  were  determined  by  Mr.  Smeaton 
with  his  pyromoter. 


■1 1' 


*  The  table  of  thofe  expanfions  is  in  pa^e  480  of  the  7  jth 

Standard 


Fahrenheit's  fcale. 

'^     By  1^    I    By  i8o*^ 
Staodard  brafs  fcale,  fup- 

pofcd  to  be  Hamburgh 

brafs  •  -  .  OjQooxa37 
£pgli(h  place  brafs^  in  form 

of  a  rod  -  •  -  0,000 12$  2 
^ngli(h  plate  brafs^  in  form 

of  a  trough  -  -  0,0001263 
Steel  rod  -  •  •  0,0000763 
Caft  iron  prifm    -        -    0,0000740 


plafstube*  -         -    0,0000517 

Solid  gl^fs  rod  ^  -         r    0^0000539 

White  glafs  barometer  tube,  * 

Martial  regulus  of  antimony 

Bliftcred  fteel    .        .         :         ^ 

Hard  fteel        .        -        ,        . 

Iron         -,         -         T 

Bifmuth     -       -         •         -         r. 

Copper  hammered      - 

Copper  8  parts  with  tin  one 

Caft  brafs  -         •         -         - 

Brafs  16  parts  with  tin  one 

Brafs  wire         -         -  .      -         ^ 


0,0222646 


o,0£27i36 


0,0227386 
0,0137368 
0,0133x26 
0,0093138 
0,0096944 
0,0 1  oo 

0,0130 

0,0135 
0,0147 

0,0 1 5 1 

0^0167 
0,0204 
0,0218 
0,0225 
0,0229 
0,023:? 


•  Sometimes  glafs  tubes  are  extended  more  than  folic) 
glafi  rods ;  their  dilatation^  however,  is  not  conftant  \  (ptp 
tubes^of  diiferent  diameters,  or  of  difFerent  forts  of  gla&i 
arc  expanded  differently  by  the  hic^  decrees  of  heat.  Phil^ 
Tcanf.  vol.  67tb^  p,  66^, 

'  3jpeciiltm^ 


Specukim  metal      ^        •        <r        .  0^02 jn 

Spelter  folder^  viz.  brafs  2  parts,  ;zinc  one  0,0247 

Fine  pewter    -^      "        :         '        «■  0,0274 

Graio  tin        -         -         r        -*         -  0,0298 

Soft  folder,  vizr  lead  7.  parts,  tin  one  0,0501 
Zinc  8  pa^  with  tin  bne,  a  little  ham* 

mered        -        -        -        -        -  0,0323 

Lead  .  -.        t-        -         •    .    -      ^  0,0344 

Zinc  or  ipelter        -         -         -         -  0,03  53 

^inc  haauQcred  half  an  inch  per  foot  -  0^0373 

Wood  is  not  much  expanded  longitudinally,  viz, 
in  the  dire&ion  of  its  fibres,  by  heat  i  and  this  ispar- 
ticularlyjthc  cafe  with  deal  and  other  ftraight  grained 
wood.  Probably  upon  the  whole,  the  longitudinal 
expanfion  of  wood  is  lefs  than  that  of  glafs.  It  has 
been  obferved,  that  very  dry  and  feafoned  wood,  if 
not  expofed  to  a  very  high  or  to  a  very  low  tem- 
perature, will  expand  in  length  pretty  regularly; 
otherwile  its  expanfion  by  heat  and  concradtion  by 
pold  are  very  irregular  5  for  they  fcem  jto  depend  partly 
upon  the  heat,  and  partly  upon  the  moifture,  which' 
the  wood  acquires  in  certaii)  circqmftances,  and  is 
deprived  of  in  others  *. 

The  expanfion  and  contraction  of  every  fubflancc 
by  heat  and  cold,  and  the  continual  change  of 

temperature,  to  which  all  the  furface  of  the  earth, 

*— *— ^— — ^        -■       ■■■  .■■■        11^     IP      ■     ■. 

*  See  Dr.  RiteiAoufe's  Experiments  in  the  Tran&<^ns 

^  ^-  with 
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with  whatevi^r  thefcorr  cxifts,  is  fubjcft,  flicw  that 
every  particle  of  matter,  every  fibre  of  our  bodies, 
metals,  bricks,  ftoncs,  fluids,  &c.  are  all  in  conti^ 
nual  motion,  though  thofc  movements  may  appear 
very  fmall  to  our  fenles.  Hence  It  is  faid,  that  heat 
is  the  univerfal  m6ver,  and  feems  to  animate  the 
whole. 

Some  ufcful  advantages  in  mechanics  are  derived 
from  the  knowledge  of  ihe  various  expahfibiKties  of 
bodies.  Thus  well- conftruAed  clocks  would  be 
'  fubjefb  to  a  confiderable  imperfeiflion,  were  not  re* 
medies  pointed  out  by  thofc  various  e^panfibiKties. 
To  defcribe  the  mechanifm  of  clocks,  watches,  frc. 
would  be  foreign  to  the  fubjcft  of  this  work  5  but  I 
Ihall  endeavour  briefly  to  (hew  the  advantage  which 
clodc-making  derives  therefrom. 

It  is  evident  that  when  the  pendulum  of  a  clock 
grows  longer,  the  time  of  vibration  is  lengthened, 
and  of  courfe  the  clock  goes  flower.    The  contrary 
happens  when  the  pendulum  grows  fliorter.     Now  . 
a  variety  of  contrivances  to  obviate  this  defc^  of 
clocks,  &c.  have  been  made  by  divers  ingenious 
artifts,  fuch  as  Graham,  Harrifon,    Ellicot,  Ber- 
thpud,  Gumming,  Mudgc,  &c.  which  contrivances 
are  all  derived  from  the  expanflbilities  of  bodies. 
The  following  two  or  tliree  inftances  in  the  flmplcft 
mode  of  conftruftion,  will  give  a  fuflicient  idea  of 
the  application. 

A  wooden  rod  for  the  pendulum  of  a  clock  is  cer- 
taiiily  better  than  a.  comoion  aietallic  4X)d  ^  the  ex« 

panfion 
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panGpn  of  the  former  being  much  lefs  than  that  of 
the  latter.    A  glafs  rod  or  tube  is  alfo  preferable  to 
metal;  but  the  efie£ts  of  the  expanfibility  of  the 
glais  tube  may  be  entirely  removed  by  this  means* 
▼12*  by  filling  part  of  the   tube  with  mercury. 
Suppofej  for  indance,  that  AB,  Hg.  9.  Plate  XVII L 
is  fuch'a  tub^  fufpendcd  at  A,  and  filled  with  mercury 
from  B  to  C  s  and  let  D  be  the  centre  of  ofcillauon 
of  the  tube.    Now  it  is  evident,  that  when  the  tube 
is  extended  by  heat,  the  diftance  of  the  point  D 
fi'om  A  is  increafed ;  for  inftance,  D  comes  to  d  i 
but  the  fame  heat  which  extends  the  tube,  rarefies 
die  mercury  alfo,  and  extends  its  furface  C  to  ^ ; 
heoce  on  account  of  this  elevation,  the  centre  of 
ofciUadon  of  the  mercury  B  r,  which  before  flood  at 
£,  is  raifed  to  e,  and  of  courfe  the  centre  of  ofcil- 
lation  of  both  the  tube  and  the  quickfilver  toge- 
ther  remains  in  the    fame  place;    the  centre  of 
ofcillation  of  the  one  being  raifed  as  much  as  that 
of  the  other  is  depreiTed. 

The  fame  remedy  may  be  obtained  by  a  combi- 
nation of  bars  of  different  metals,  (which  form 
what  is  called  a  compound  pendulum) ;  and  the  fol* 
lowing  is  the  fimplcft,  though  not  the  moft  corredlj 
and  the  moft  commodious,  conflru^tion.  Fig.  10. 
Plate  XVIII.  reprefents  a  pendulum,  confiding  of 
two  bars,  AB,  AC,  of  two  different  metals,  of  which 
AC  is  th^  moft  expanfible  by  heat.  CO  is  a  lever 
pinned  at  B  and  C  to  the  extremities  of  the  bars, 
and  fufpending  a  weight  or  bob  E.    Now,  if  the 

two 
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two  bars  were  expanded  alike  by  heat,  it  is  cyid<iat 
that  the  diftance  of  the  weight  E,  from  the  point  of 
^fufpcnfion  A,  would  be  increafcd ;  but  as  AC  is 
expanded  rpore  than  AB,  when  the  extremity  B 
cx^Hies  to  fe  the  extremity  C  comes  lower  down^ 
yiz.  tQ  ^a  hence  the  lever  CD  is  placed  in  the  fitu- 
;ition  ^^P;  fo  that  the  extremity  D  remains  in  the 
lame  place  it  was  before,  and  of  courfe  the  diftance 
^A  rem^in3  unaltered.  In  thofe  cafqs  the  length^ 
of  the  rpdsi  Ipvers,  or  (iathe  above  inftance  of  the 
gUls  tube,),  the  r  quantity  of  mercury  muft  be  cal- 
culated and  ^c^'ufted  according  to  the  quantities  pf 
C^cpanfiops,  lengths  of  the  pendulums,  &c. 

Other  contrivances,  but  upon  the  fame  principle 
of  different  expanfibility,  have  been  applied  to  the 
bcft  watches  or  time- pieces. 


t  h  ] 


CHAPTER     IIL 


<>r'THB   CAPACITY  .OF   BODl£S  FOR  CALORIC,  AND 

THEIR    SPECIFIC    CALORIC. 


TTEATb  or,  actording  to  the  theQiy,  calorie* 
''-  A  cannot  be  accumulated  and  detained  in  any 
{Ntfticular  place  or  body,  but  it  continually  tends 
CO  expand  itfelf  over  the  adjacent  bodies,  till  they 
are  brought  to  the  fame  temperature.  Thus,  if  a 
piece  of  red-hot  iron  be  placed  amongft  other  pieces 
of  (tone,  metal,  &c.  in  a  colder  ftatc ;  the  heat  will 
be  communicated  from  the  iron  to  the  other  bo* 
dies ;  CO  the  neareft  firfl:,  and  then  to  thofe  that  are 
more  remote  ;  fo  that  by  degrees  the  iron  lofes  part 
of  it%  heat,  and  the  other  bodies  acquire  it,  undl 
they  all  attain  the  fame  temperature ;  for  though  the 
caloric  will  pais  through  certain  bodies  eafier  than 
through  others;  yet  there  is  no  body  which  can 
confine  it  e0c(5luall)r. 

When  homogeneous  bodies,  viz.  parcels  of  the 
fame  fort  of  fubfbuice,  arc  placed  in  a  higher  tem- 
perature, or  when  they  are  unequally  heated  and 
brought  into  contad ;  the  quantity  of  caloric  which 
is  communicated  to,  or  abforbed  by,  each  of  the 

bod  ies 
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bodies,  is  proportionate  to  the  quantity  of  matter  o( 
each  body  refpedlively.  And  on'  the  contrary,  if. 
they  be  placed  in  a  lower  temperature,  the  quanti-* 
ties  of  caloric  which  they  lofe,  are  proportionate  to 
their  quantities  of  matter  refpeftively.  Thus,  if  two 
leaden  balls  of  equal  weights  be  placed  in  boiling 
water,  they  will  be  heated  alike,  or  equal  quantities 
of  caloric  will  be  communicated  to  them.  If  they 
be  placed  in  cold  water,  they  will  be  deprived  of 
equal  quantities  of  caloric.  When  a  pound  of 
water  is  mixed  with  another  pound  of  water  hotcer  ' 
than  the  former,  the  excefs  of  heat  which  one  of 
them  has  above  the  other  will  be  divided  itito  two ; 
viz.  it  will  be  diftributed  equably  amongft  the  two 
pounds  of  water.  If  two  pounds  of  water  be  mixed 
with  one  pound  of  hotter  water,  the  excefs  of  heat 
will  be  divided  into  three  parts,  viz.  it  will  be 
diftributed  equably  amongft  the  three  pounds  of 
water :  hence  we  derive  an  eafy  rule  for  determin- 
ing the  temperature  of  a  mixture  of  homogeneous 
bodies,  which  poiTeiTed  different  known  tempera* 
cures  before  the  mixture.    The  rule  is  as  follows : 

MuUipiy  the  weight  of  each  parcel  or  body  by  its 
peculiar  temperature  ;  add  the  produEls  together,  and 
divide  the  fum  of  thofe  products  by  the  fum  of  the 
weights  i  the  quotient  is  the  temperature  of  the  mixture. 

Thus,  if  three  pounds  of  water,  whofe  tempera^ 
ture  is  40**,  be  mixed  with  9  pounds  of  water,  whofe 
temperature  is  100*,  the  temperature  of  the  mix- 
ture  will  be  85'';  for  3  multiplied  by  40""  gives  120% 

and 


Of  the  ^Capadfy  ff  Bo£es  for  Cakric^  &f r.      65 

and  9  muldplied  by  ioo%  gives  poo*.  The  Aim 
of  thofe  two  produdbs  is  1020%  which  being  divided 
by  the  fum  of  the  pounds,  viz.  by  12,  quotes  85* ; 
and  fuch  is  the  temperature  of  the  oMxture**. 

Again,  if  2  pounds  of  mercury  at  40%  be  mixed 
with  4  pounds  of  mercury  at  60%  and  4  pounds 


*  Several  circumftances,  of  which  the  following  are  the 
moft  cfiential,  muft  be  attended  to  in  the  performan(;e  of' 
(hofe  experiments. 

].  The  thermometers  muft  have  fmall  balls,  and  fhould 
be  fo  fenfible  as  to- indicate  at  leaft  quarters  of  each  degree  | 
aid  the  quantities  of  the  bodies  concerned  fhould  be  pretty 
large,  ocherwife  die  dipping  of  the  thermometer  in  the  mix-* 
ture  introduces  a  third  fubftance,  namely,  the  mercury  of 
die  thermometer,  which  vrill  alter  the  refult  confiderablyk 
The  refults  however  may  be  calculated  by  confidering  the 
vcfiel,  and  the  thermometer,  as  two  of  the  bodies  concerned 
in  forming  the  mixture. 

2.  The  heat  of  the  mixture  is  hardly  ever  uniform 
throughout ;  therefore  it  will  be  proper  to  take  the  tem- 
perature  of  die  bottom,  of  the  middle,  and  of  the  upper  part 
of  die  mixture ;  for  a  mean  of  thofe  three  will  give  the  tem- 
pcnture  of  the  whole  mixture. 

3.  As  die  mixture  is  lofing  heat  gradually,  and  as  it  will 
be  hardly  poflibic  to  put  the  thermometer  in  immediately 
after  making  the  mixture ;  therefore,  in  order  to  afcertain 
the  firft  temperature  of  the  mixture,  take  its  temperature  at 
fitted  times,  yvt.  after  1 5  feconds,  and  again  after  30  fe- 
cofids ;  then  fiiy,  as  the  fecond  temperature  is  to  the  iirft,  fa 
is  die  iirft  to  the  real  temperature  at  the  time  of  making  th« 
mixture. 

VOL,  III.  F  more 
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more  of  mercury  at  50%  the  tcmpcratiire  of  the 

mixture  will  be  5  2  .  f  viz • ^—  j 

^       >  2+4+4  ^ 

The  foundation  of  the  rule  is  very  evident  j  for 

m 

fincc  heat  or  caloric  expands  equably  amongft  ho- 
mogeneous bodies  that  are  in  con  tad;  it  follows 
that  the  temperature  of  the  mixture  muft  be  a  mean 
of  the  feparate  temperatures  of  the  parcels,  and  this 
rule  does  only  afcertain  that  mean  ;  for  the  fum  of- 
all  the  degrees  of  heat  is  divided  by  the  fum  of  the 
ivcights  of  all  the  parcels.     See  page  23  ?.  vol.  II. 

When  bodies  of  different  fort  of  matter  arc 
placed  in  a  higher  temperature,  or,  in  other  words, 
when  heat  is  communicated  to  bodies  of  different 
nature,  but  of  the  fame  weight .  and  equally  cx- 
pofed,  it  has  been  foui\d  that  fome  of  them  abfbrb, 
or  combine  with,  a  greater  quantity  of  caloric  than 
others ;  hence  the  former  are  faid  to  have  a  greater 
capacity  for  caloric  than  the  latter ;  and  the  propor- 
tional quantity  of  draloric  which  each  body  abforbs, 
is  called  the  Jfecific  caloric  of  that  body  ♦.  Each 
particular  body,  as  far  as  has  been  tried,  has  been 
found  to  have  a  particular  capacity  for  caloric* 
Thu5,  if  a  pound  of  mercury,  and  a  pound  of  another 
mctali  be  placed  in  a  higher  temperature,  and  it  be 


^  For  if  a  body  A  can  abforb,  for  inftance,  3  times  as* 
much  caloric  as  B ;  it  is  evident  that,  in  a  natural  ftate,  A 
contains  3  times  as  much  caloric  as  B)  when  both  appear  of 
tlie  (ame  temperature. 

found 
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ibund  that  the  other  metal  abforbs  twice  as  cpuch 
cdoric  as  the  mercury ;  then  the  fpeciBc  caloric  of 
that  other  metal  is  to  the  ipecific  caloric  of  mer- 
cury, as  two  to  one. 

This  proportional  quantity  of  caloric,  which  one 
body  abforbs  more  or  lefs  than  another  body,  has 
alio  been  called  latent  beat ;  but^  the  expreflion  is 
evidently  improper ;  for  though  one  body  A  has, 
for  inftance,  twice  as  much  caloric  as  another  body 
B  of  equal  weight,  yet  A  has  a  double  capacity,  or 
has  an  affinity  for  caloric  as  ftrong  again  as  B  ;  in 
confcqucnce  of  which  the  caloric  is  detained  with 
equal  power  j  nor  can  it  be  communicated  from  A 
to  B  i  in  which  cafe  only  it  would  aft  as  heat,  viz. 
it  would  expand  B,  or  if  B  be  a  living  animal^ 
would  excite  in  it  the  fenfation  of  heat. 

It  is  now  neceffary  to  {hew  by  what  means  the 
fpecific  caloric  of  bodies  is  to  be  alcertained.  For 
this  purpofe, 

Tak^  two  bodies  of  equal  wjigbts,  and  whofe  capacU 
ties  are  permanent ;  for  inftance,  A  and  B,  one  of 
wbict  at  leaft  is  a  fluid},  let  them  acquire  different  tem^ 
peratures,  and  a/certain  thofe  temperatures  by  the  tber^ 
mometer.  Tben  put  t be  f  olid  into  t be  fluids  or  mix  tbe 
two  fluids  togetber  very  expeditioufly^  and  immediately 
after  place  tbe  tbermometer  in  tbe  mixture  y  and  af certain 
its  temperature.  Now  tbe  fpecific  caloric  of  tbe  body  A 
is  to  tbe  fpecific  caloric  of  tbe  body  B,  as  tbe  difference 
between  tbe  temperature  ofB  previous  to  tbe  mixture, 
^  tbe  temperature  of  tbe  mixture^  ii  to  tbe  difference 

r  z  between 
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between  the  temperature  of  A  previous  to  the  mixture 
and  the  temperature  of  the  mixture  {objerve  the  pre^ 
cautions  of  the  note  in  page  65.)    For  inftancc. 

Temperature  of  A    -    -     no* 

Temperature  of  the  mixture  So'  ^°'  *^  difference 

rw.  s.         CO  .40**  the  difterencc* 

Temperature  of  B     -    -     40 

Therefore  the  fpccific  caloric  of  A  is  to  the 
Ipecific  caloric  of  B,  as  40  to  30  j  or  as  4  to  3. 

If  the  fame  two  bodies  be  heated  differently,  the 
refult  will  give  precifely  the  fame  proportion  of 
difFcrences,  and  of  courfe  the  fame  proportion  of 
fpccific  calorics.     Thus, 

Temperature  of  A     -     -    40* 

Temperature  of  the  mixture  70*  39"  the  difference. 

Temperature  of  B     -     -    /,o-  ^o' ^he  difference. 

It  is  evident  that  if  the  two  bodies  had  had  equal 
degrees  of  affinity,  or  had  had  «qual  capacities  for 
caloric  j  (both  thofc  expreflions  meaning  the  un* 
known  caufc  of  the  fame  perceivable  effeft)  the 
temperature  of  the  mixture  would  have  been  75% 
viz.  an  arithmetical  mean  between  the  temperatures 
of  A  and  B  ;  fo  that,  in  the  firfl  example,  A  would^ 
have  loft  35%  and  B  would  have  acquired  J5*  of 
heat  But,  fince  the  temperature  of  the  mixture 
was  80'',  it  appears  that  the  70  degrees  of  hear> 
which  A  had  more  than  B>  mufl  have  been  diftri«> 
buted  fo  as  to  increafe  the  temperature  of  B  bf 
40?,  and  to  lefTen  the  temperature  of  A  by  30*; ' 
Now,  when  a  quantity  of  heat  is  communicated  to  a 
.  ^         '  body> 
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• 

body,  that  portion  of  it,  which  is  abforbed  by  the 
body,  does  not  raife  its  temperature,  or  is  that  'por- 
tion which,  added  to  the  increment  of  temperature^ 
becomes  equal  to  the  original  quantity  of  heat ;  for 
inftance,  if  io»  of  heat  be  communicated  to' a. body, 
and  the  temperature  of  that  body  is  thereby  raifcd 
4*,  it  is  evident  that  fix  degrees  of  heat  have  been 
abforbed,  &c.  therefore,  in  the  above-mentioned 
afe,  the  portion  of  caloric  abforbed  by  B,  mud 
have  amounted  to  30%  fince  its  temperature  was 
raiftd  40",  and  the  quantity  retained  by  A  muft 
have  amounted  to  40%  fince  its  temperature  was 
Iciiened  30».' 

The  fame  reafoning,  mutatis  mutandis^  may  be 
applied  to  the  fecond  cafe,  and  in  genera)  to  all  iuch 
like  cafes. 

By  this  means  the  fpecific  caloric  of  various 
fubftances  have  been  determined  with  as  much 
precifion  as  the  difficulty  of  performing  fuch  ex-  * 
periments,  efpecially  with  elaftic  fluids,  and  the 
flu&uadng  quality  of  the  articles,  will  admit  of. 

In  the  following  lift,  the  fpecific  caloric  of  water 
is  called  one,  or  unity,  aod  that  of  every  other  fub- 
ftance  is  expreffed  in  proportion  to  this  unity; 
for  inftance,  the  fpecific  caloric  of  fpermaceti  oil 
is  0,500,  viz.  the  half  of  that  of  water ;  5 -tenths 
being  the  half  of  a  unit ;  which  means  that  a 
quantity  of  fpermaceti  oil  can  abforb  the  half  of 
that  quantity  of  caloric  which  an  equal  quantity  of 
water  can  abforb  in  fimilar  circumftances.    Alfo 
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the  fpecific  caloric  of  the  ruft  of  iron  is  0,250,  viz. 
a  quarter  of  that  of  water ;  which  means  that  in 
equal  circumftances  the  ruft  of  iron  will  abforb  i  of  . 
that  quantity  which  an  equal  weight  of  water  can 
abforb  j  and  fo  of  the  reft  f . 

^able  of  (be  fpecific  Caloric  of  different  Bodies., 

Sjiecific  Calorie* 


Hydrogan  gas,  C   -----    - 

C     -----    - 

K 

C-    -    -     -    - 
K-    -    -    -    - 

Carbonated  ammonia,  or  mil  d  volatile 
alkali,  K        

Aqueous  vapour  •)-,  C    -     -     -     -     - 


Oxygen  air   \ 
Atmofpherical  air  \ 


21,400 

4>749 
87,000 

1,790 

18,670 

1,851 


•  This  table  has  been  colkftcd  from  the  experiments  of 
the  principal  labourers  in  this  field  of  curious  inquiry.  To 
each  article  the  initial  of  the  name  of  the  gentleman  by 
whom  it  was  determined,  is  fubjoined,  viz.  C,  for  Craw- 
ford ;  K,  for  Kirwan  ;  and  L,  for  Lavoifier  and  Laplacci 
conjointly. 

t  The  fpecific  caloric  of  water  in  the  ft  ate  of  vapour  is 
fuppofed,  by  Mr.  Pidet,  to  be  about  8  \  times  greater  than 
that  of  the  (ame  water  in  a  boiling  ftate.  But  the  volume 
of  the  vapour  (he  fuppofes)  is  about  1800  times  greater 
than  that  of  boiling  water.  There  is  therefore  212  times 
more  caloric  in  any  given  volume  of  boiling  water,  than  in 
an  equal  volume  of  vapour.  Phil.  Mag.  vol.  VI.  p.  244« 
Other  pcrfon^  have  reckoned  it  much  higher,  and  others 
lower.  In  fiiort,  the  fpecific  caloric  of  (leam  is  not  yet 
l^nown  with  fufficient  certainty. 

Solution 
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Solution  of  brown  fugar,  K     -    -     - 

Carbonic  acid  \ 

Ik 

Arterial  bloody  C     -----     - 

Water     -      .--"-.--. 

Frc(h  cow-milk,  C       .     -     •     -     - 
Sulphuret  of  aipmoniac,  fpccific  gra- 
vity, i,8i8,  K  -^^    -     -     .     -     - 
Ice,  or  congealed  water,  K     -     -     - 
Venous  blood,  C     -     -     r     -     -     - 
Solution  of  Epfom  fait,  or  fulphate  of 
rnagnefia,  fait  i,  water  2,  K     -     - 
Solution  of  common  fait,  or  muriated 
foda,  fait  I,  water  8,  K  -     -     -     - 
Solution  of  fal  ammoniac,  or  muriate 
ofammoniac,  fait  10,  water  15,  K  - 
Azotic  gas,  C    -----.'- 
Hide  of  an  ox,  with  the  hair  on,  C     - 
Lungs  of  a  (heep,  C     -     -     -     -     - 
Solution  of  cream  of  tartar,  cream  10, 

water  2373,  K 

Solution  of  pot-afb  of  the  fpecific  gra- 
•vity  1,346,  K     ...... 

r  of  the  fpecific  gravity 
\  .  i,88s  K-  -  - 
id  J  —  —  —  C 
I  brown  of  the  fpecific 
L     gravity  1,872,    K 

Lean  of  the  beef  of  an  ox,  C  -     -    - 

Solution  of  gf een  vitriol,  or  fulphat  of 

irpn,  fait  10,  water  25,  K  •  -    -    ^ 

F4 


Sulphuric  acid 


71 

Specific  gravity. 

1,086 
1,045 
0,270 
1,030 

I, coo 

6,999 
0,994 

0,900 

0,893 


0,844 
0,832 

r 

0,798 

0.794     . 
0,787 

0,769 
0,765 

P.759 

0,758 
0,429' 

0,439, 
0,740 

0*734 
Solpcion 


Nitric  acid' 


7  i      Of  the  Capdeity  of  Bodies  for  Caloric^  ^c. 

I  Specific  calone. 

Solution  pf  Glauber  fait,  or  fulphat  of 
fpda,  fait  io,  water  29,  K      -       -         0,728 

Olive  oil,    K O1710 

Ammoniac,  or  cauftic  volatile  alkali,  K         0,708 

L 0,661 

K      r      '      -      -      .-        0,%^ 
Red  and  fmoking,  fpeci-   ^ 

fie  gravity  1,355,  ^  •  I      0'S7^ 
Muriatic  acid,   fmoking,  fpeci^^  gra- 

-vitjr  1,122,  K 
Solution  of  alum,  fait  100,  water  2145,  ^ 
Solution  of  nitre,  fait  i,  water  8,  K    • 

C       -        -       -       -      - 
of  die  fpcc.  gravity  0,783,  K 

Linfeed  oil,  K       -      -      -      -      - 

Rice,  C        -       -       -       -      -       - 

Horie-beans,  C     -      -      -      -      - 

r  C     - 

Spermaceti  oil  \  y^ 

Oil  of  turpentine,  K     -       -       - 


Alcohol  \ 


Wine  vinegar,  K  I  J[^/;€j^ 


Ruft  of  iron 


V  C 


Pit-coal,  C     -     -      -      -      - 

Charcoal,  C     -----      - 

Chalk,  C 

^  Waflied  diaphoretic  antimony  \  ^ 

Quick-lime  ]  K-  *    "      I      -    ^  I 
Oxide  of  copper     .    -      •      -      - 


0,680 

0,649 

0,646 

0,602 

1,086 

0,528  . 

0,506 

0,502 

0,500 

0,399 

0,472 

0,387 
0,103 

0,250  • 
0,320 

0,278 

0,263 

0,256 

0,227 
0,220 

0,22J 
0,217 

0,2^7 

Baked 
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Specific  caloric 

Baked  earth,  K     - 

Cryftal,  L - 

Cinders  of  coals,  C       -      -      -  - 

A/hcs  of  cinders,  C      -       -       -  - 

Flint  glafs,  K        -       -       -       - '  - 

Ruft  of  iron,  nearly  freed  from  air,  C  - 

* 

Waftied  diaphoretic  antimony,  nearly 

freed  from  air,'  G     -       -      -       - 

Alhcs  of  the  elm  tree,  C     -       -       - 

Oxide  of  zinc  nearly  freed  from  air,  C 

re 

Iron  <  K      -      -      -      -    .  -      - 
(l     -----     - 

Brafs,  C       -.-.-- 

Copper,  C     -       -      -      -      .      - 

Oxide  of  a  mixture  of  lead  and  tin,  K 

White  oxide  of  tin,  nearly  freed  from 

air,  C        --...- 

Zinc,  C 

Afiies  of  charcoal,  C    -      -      -      - 

\l  :  :  :  :  :  : 

YcUow  oxide  of  lead,  nearly  freed  from 
air,  C       -        u      .      -      .       - 

Andmony  in  the  metallic  or  (  C 
rcguline  ftate       -      -       |  K      - 

^{k   :  :  :  :  :  : 

Mcrcuryj^- 


Tin 


of  the  Ipccific  gravity  13,3,  K 


o,i9i 
0,193 
0,192 
0,185 
0,174 
0,16.7 

0,167 

0,140 

0,137 

0,127 
0,125 
o,iot 

0,1 12 
0,111 
0,1 02 

• 

0,099 

0,094 

0,091 

0,070 
0,068 


0,068 

0,064 
0,086 

0,035 

0,056 

0,029 
0,033 

The 


74       Of  the  Capacity  of  BodUs  fof\  CaluriCy  i^c. 

The  capaciiiea  of  bodies  for  caloric  are  prettv 
'  pcrmanf  nr,  as  long  as  the  bodies  remain  in  the  fame 
ftate  with  rcfpeft  to  confiftency. 

Almoft  all  bocjies  in  nature  have  been  foynd  ca- 
pable of  exifting  in  three  different  ftates>  viz.  the 
folid,  the  liquid,  and  the  aeriform,  vaporous,  or 
claftic  ftate  of  fluidity.     In  each  of  thofe  ftates  the 

♦ 

capacity  of  the  body  for  caloric,  or  its  (becific  ca- 
loric, is  diflxrrent  from  what  it  is  in  the  other  ftates. 
it  is  leaft  in  the  folid  and  greateft  in  the  ftat^  of 
claftic  fluid. 

If  more  caloric  be  communicated  to  a  folid  body 
than  what  its  capacity  will  bear,  and  if  that  exccfs 
of  caloric  be  equivalent  to  the  capacity  of  that  body 
when  in  a  liquid  ftate;  then  that  folid  will  be 
liquified  by  it.  The  fame  thing  rnuft  be  under- 
ftood  of  the  converfipn  of  a  liquid  into  the  ac»iform 
.    ft^te 

The  reverfc  of  this  propofition  is  likewife  truc^ 
viz*  if  fo  much  caloric  be  abftra6ted  from  a  liquid, 
as  to  leave  in  it  t;h4t  quantity  only  which  its  capacity 
when  in  a  folid  ftate  can  hold  ;  then  that  liquid  will 
be  rendered  folid  or  congealed.  The  following' 
example  will  illuftrate  this  theory. 

When  a  piece  of  ice,  of  a  temperature  lower 
than  32%  is  placed  in  a  higher  temperature,  the 
temperature  of  the  ice  israifed  as  high  as  3a*, 
and  there  it  remains;  for  all  the  furplus  of  heat 
is  abforbed  by  that  external  quantity  of  ice  which,  is 
converted  into  liquid  water.     When  a  quantity  of 

water 
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Vttcr  is  placed  in  a  higher  temperature,  the  tempera- 
ture of  the  watef  is  gradually  raifed  as  high' as  212% 
(under  a  mean  or  more  ufual  preffure  of  the  at- 
mofphercj  but  it  cannot  be  raifcd  higher,  becaufe 
all  the  furplus  of  heat  is  ^bforbed  by  that  quantity 
of  water  uhich  is  converted  into  fteam.  On  the 
Other  hand,  when  fteam  is  converted  into  water, 
caloric  is  feparared  from  it,  and  when  water  is 
converted  into  ice,  caloric  is  alfo  feparated  from 

It*. 

It  has  been  found,  that  when  water  at  17a*  is 
mixed  with  an  equal  weight  of  water  at  3 a"",  the 
temperature  of  the  mixture  is  102%  agreeably  to 
what  has  been  faid  ab.ovel  But  when  a  quantity  of 
water  at  172''  is  mixed  with  an  equal  weight 
of  ice  or  fnow  at  32°,  the  temperature  of  the  mix- 
ture is  32*,  Whence  it  is  juftly  inferred,  that 
water  in   a  liquid  ftate  contains  140''  (viz.  i72» 


*  If  a  quantity  of  water,  with  a  thermometer  in  it,  be 
placed  in  a  cold  or  freezing  mixture,  the  water  often  remains 
fluid,  when  the  thermometer  (hews,  that  its  temperature  is 
30*  or  28s  or  even  lower.  At  laft  it  freezes  very  quickly, 
cfpecially  on  giving  a  little  ftrolce  or  agitation  to  the  veflcl, 
and  at  the  fame  time  tiic  thermometer  immediately  rifes  to 
32%  which  fcems  to  indicate  that  the  water  cannot  eafily 
part  with  its  caloric,  even  when  placed  in  a  lower  tempera- 
ture..   The  caufc  of  that  impediment  is  not  known. 

minus 
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minus  3 2*)  of  caloric  more  than  when  it  cxifts  in  a 
ftate  of  ice  *. 

In  fhort,  it  appears  that  a  certain  quantity  of  ca- 
loric is  indifpcnfably  ncccffary  to  keep  a  body  in  a 
ftate  of  vapour  or  elaftic  fluid,  that  a  fmallcr  quan- 
tity is  indifpcnfably  neccflTary  to  keep  it  in  a  liquid 
ftate>  and  that  a  quantitjr  ftiil  fmaller  of  caloric  exifts 
in  a  folid  and  in  any  temperature,  as  low  however  as 
a  certain  limit.  This  limit,  or  the  point  of  total 
privation  of  caloric^  has  been  deduced  by  calcula-* 
lion  from  the  preceding  refults,  and  upon  a  proba- 
ble fuppoGtion. 

Before  we  endeavour  to  explain  the  nature  of 
Aat  limit,  -  it  will  be  neceflary  to  make  a  few  ufeful 
fcmarks  with  refpeft  to  the  formation  of  the  pre- 
ceding table  of  the  fpecific  caloric  of  bodies. 

The  rule  for  finding  the  fpecific  caloric  of  bodies 
(page  67.)  direfts  to  mix  bodies,  whofe  capacities 
are  permanent  during  the  operation ;  the  reafon  of 


•  Owing  to  the  difficulty  of  performing  this  experiment, 

and  particularly  of  afcertaining  the  iirft  temperature  of  the 

mixture,  the  quantity,  or  the  degrees  of  caloric  which  fluid 

vater  contains  more  than  an  equal  quantity  of  ice,  has  been 

ftated    differently  by   different    authors.       Dr.  Crawford 

reckons  it  172°.      Dr.  I^effie  fays  to  have  been  found  by 

Dr.  Black,   equal  to  147".      Lavoificr   reckons  it   167**^ 

Profciibr  Wilcke  found  it  equal  to  1 30^    Bergman  found  it 

equal  to  I29%6,  viz.  almoft  the  fame  as  Wilcke.     In  fomc 

books  1  fold  it  Hated  at  162%  in  others  at  i^o\ 

which 
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which  is^  that  when  bodies  have  their  capacities  al« 
tcred  by  a  change  of  form,  the  temperature  of  the 
mixture  muft  vary  according  to  that  unknown 
change  of  capacity,  &c.  Therefore  the  proportion 
between  the  fpecific  caloric  of  water  and  of  ice, 
cannot  be  determined  by  mixing  equal  quantities  of 
water  and  pounded  ice  or  fnow.  But  it  nnay  be 
determined  by  employing  a  third  fubftance,  viz.  by 
determining  in  the  firft  place,  the  proportion  be- 
tween the  fpecific  caloric  of  that  other  fubftance  and  • 
ice,  in  a  temperature  lower  than  32**,  and  making 
the  (pccific  caloric  of  the  other  fubftance  r*  Se- 
condly,  by  determining  the  proportion  between  the 
fpecific  caloric  of  that  other  fubftance  and  water  in 
a  temperature  higher  than  32%  ftill  reckoning  the 
fpecific  caloric  of  the  other  fubftance  i  j  and  laflfly, 
by  comparing  the  (pecific  caloric  of  water  with  that 

°^^"*-  When 


•  Thus  one  pound  of  ice,  at    -     -     32* 

2  difference. 
Temperature  of  the  mixture      -     30* 

8  difference; 
Diaphoretic  antimony,  one  pound,  at  22® 

This  firft  operation  (hews,  that  the  fpecific  caloric  of  ice 

b  to  that  of  diaphoretic  antimony,  as  8  to  2,  or  4  to  i. 

Alfo  one  pound  of  water,  at      •     i62%5 

22,5  difference. 
Temperature  of  the  mixture  -    -    140* 

100  difference. 
One  pound  of  diaphoretic  antimony  at  40* 
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When  in  fuch  experiments  a  fluid  fubftance  c^il 

be  ufed  with  a  folid^  the  operation  is  undoubtedly 

preferable  to  the  ufc  of  two  folids ;  yet  in  certain 

,  cafts  powders,  •  or  comminuted  folids,  give  a  to- 

krably  ufeful  rcfult* 

^^^^  * 

Experiments  of  this  nature  with  aerial  fluids  are 
extremely  diflicult,  principally  owing  to  the  fmall 
weight  of  thofe  fluids,  and  to  the  difiiculty  of  mix- 
ing them  with  fufiicient  expedition.  The  operation 
like  wife  requires  particular  infl:ruments*. 

The  total  privation  of  caloric,  or  the  loweft  de- 
gree to  which  a  thermometer  with  Fahrenheit's 
fcale  would  defcend,  if  it  were  fituated  in*  a  place  to- 
tally deftitute  of  caloric,  has  been  deduced  from  the 
above-mentioned  profk)rtion  between  the  fpecific 
caloric  of  water  and  that  of  ice,  and  from  the 
known  quantity  of  caloric  which, water  at  32®  con- 
tains more  than  ice  at  32^  The  fame  thing  might 
be  deduced  from  the  fpecific  caloric  of  any  other 
fubftance  in  its  two  flates  of  exiftence,  &c. 

For  fince  the  quantity  of  caloric  which  water 
contains  more  than  ice,  is  140*"/  and  fince  the  ca- 
pacity of  water  is  to  that  of  ice  as  10  to  9,  it  follows 

This  fecond  operation  (hews,  that  the  fpecific  caloric  of 
diaphoretic  antimony  is  to  that  of  water  as  22,5  to  100  ;  or 
as  I  to  4,4444,  &c.  Therefore  the  fpecific  caloric  of  water 
is  to  that  of  ice  as  4,444,  &c.  to  4  ^  or  as  10  to  9. 

•  See  Dr,  Crawford's  Experiments  and  Obfervations  on 

Animal  Heat,  the  fecond  edition, 

that 
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that  140''  is  the  difference  between  all  the  caloric 
contained  in  ice,  and  all  that  which  is  contained  in 
water,  when  both  are  at  the  temperature  of  32% 
Alfoj  that  this  quantity  is  one-tenth  part  of  the 
whole  caloric  which  is  contained  in  M^ater  when  the 
temperature  of  that  fluid  is  32*.  Therefore  the 
whole  quantity  of  caloric  is  i  o  times  1 40%  or 
1400*  *,  viz.  1368*  below  o  of  Fahrenheit's  fcale; 
fo  that  in  a  place  totally  deftitute  of  caloric,  that 
thermometer  would  defcend  to  — 1368%  provided 
the  fluid  of  that  inftrument  were  capable  of  it  f . 

The  fuppofition  upon  which  this  determination  is- 
eftabliflied,  is  that  the  capacity  of  ice  is  permanent. 
at  any  temperature  below  32%. 

Meflieurs  Lavoifier  and  Laplace  contrived  a  dif- 
ferent method  of  determining  the  fpecific  caloric  of 
bodies.     According  to  their  method,  a  body  heated 


*  Let  X  reprefent  the  whole  quantity  of  caloric  contained 
in  the  water ;  then  we  have  10  :  9  : :  x  :  0,9jr.  By  divifion 
10  —  9  ( I )  :  9  :  :  A?  —  0,9  x   (  0,1  a-  )  :  0,9  *•  : :  140  : 

0,9  X.     Therefoie,  9  x  140  =  i  x  0,9  jr;  and  ^  =  -^ 

zz  1400. 

t  If  the  quantity  of  caloric  which  water  at  32*  contains 
more  than  ice  at  32*,  be  reckoned,  not  140%  but,  according 
to  Bergman,  1 29*,6,  then  the  loweft  degree  of  the  thermo  - 
meter,  or  the  total  privation  of  caloric,  would  bring  the 
thermometer  down  to  ( 1 296**  —  32**  = )  —  1 264**.  A  fuit- 
able  alteration  muft  be  made  according  to  other  cftimates. 
^ee  the  note  in  page  76. 

to 
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to  a  certain  degree  is  placed  contiguous  to  a  quan« 
t1ty  o^  ice,  and  its  fpecific  caloric  is  determined  by 
the  quantity  of  ice  which  that  body  is  capable  of 
rocking.  Thus,  if  of  two  bodies,  A  and  B,  of 
equal  weight  and  equally  heated,  placed  fuccedively 
in  a  certain  quantity  of  ice,  A  be  found  to  have 
melted  three  tinnes  as  much  ice  as  B,  then  the  fpe- 
dfic  caloric  of  A  will  be  to  the  fpecific  caloric  of  B> 
as  3  to  I. 

For  this  purpofe  the  above-mentioned  gentlemen 
contrived  an  apparatus,  which  they  called  the  calo- 
rimeter^ and  of  which,  fig.  ir.  Plate  XVIII.  ex- 

.  hibits  a  fection.  It  confifts  of  a  v^fTel  (landing  on 
three  legs,  of  which  two  are  feen  in  the  figure,  and 
having  three  divifions,  viz.  an  interior  one  ffff^ 
which  is  formed  of  iron  wire,  a  middle  divifion  bbbb^ 
and  an  external  one  aaaa.  The  body  fubjc6led  to 
experiment,  is  placed  within  the  wire  divifion  ////i 
and  this  divifion  is  covered  with  a  particular  cover 
I^G.     The  other  two  divifions  and  the  cover  HG 

^  are  filled  with  ice,  and  a  large  cover  alfo  filled  with 
ice  goes  over  the  whole  inft:rument,  its  edge  being 
fitted  to  the  external  grove  of  the  inftrument.  The 
ice  of  the  external  divifion  ferves  to  proceft  the  ice 
of  the  middle  divifion  from  the  heat  of  the  at- 
mofphere  j  hence  the  ice  of  the  middle  divifion  can 
only  be  melted  by  the  heat  of  the  body,  which  is 
placed  in  the  wire  divifion.  The  water  of  the  ice 
thus  melted,  paffes  through  the  grate  mm^  and 
through  a  ftrainer  placed  a  little  below  s  then  comes 

out 
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but  of  the  tMht  dxy  and  is  rccejycd  in  a  veffel  placed 
under  it*  This  is  the  quantity  of  water  which  indi- 
catcs  the  fpccific  caloric  of  the  body  under  trial. 
The  tube  Tj,  with  the  ftop-cock  r,  ferves  to  drain 
the  water  from  the  ice  in  the  external  divifion  *• 

If  it  be  requited  to  determine  the  fpccific  caloric 
of  a  Iblid  body,  its  temperature  muft  be  raifed  •;  for 
example,  to^2i2*  j  it  muft  then  be  placed  into  the 
calorinieter,  and  fuScred  to  remain  there  till  its 
temperature  b.e  reduced  to  32**.  Then  by  weighing 
the  water  which  has  flowed  out  of  the  tube  dxy  the 
quantity  of  ice  diflblvcd  during  the  cooling  may  be 
determined.  According  to  Lavoifier's  determina- 
tion, one  pound  of  water  at  167%  will  diflblve  a 
pound  of  ice ;  therefore,  to  determine  the  fpecific 
cabric  of  the  body,  the  quantity  of  ice  diffolved 
muft  be  divided  by  the  produft  of  the  weight  of  the 
body  (expreffed  in  pounds  and  decimals)  multi- 
plied by  the  number  of  degrees  above  32%  to  which 
that  body  has  been  raifed  previous  to  the  expe-» 
riment.  The  quotient  indicates  the  quantity  of 
ice  which  a  pound  of  that  body  can  diflblve  ia 
cooling  i**.  If  this  quotient  be  multiplied  by  167% 
the  product  will  ftiew  the  quantity  of  ice  which  a 
pound  of  that  body  heated  to  167%  »:an  diflblve  in 
cooling  down  to  32%  This  will  be  the  value  of  its 
fpecific  caloric. 


*  For  a  more  particular  dcfcription  of  this  apparatus,  fee 
Lavoifier's  Elements  of  Chehiirtry,  Part  III.  Chap.  III. 
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Otherwife^  having  the  ori^oal  temperature,  of 
tke  body,  and  the  quamity  of  ice  melted  by  the 
lamei  iky,  as  that  temperature  is  to  that  quantity  of 
k^  fo  is  1 67"",  to  a  fourth  proporQonal,  viz«  to  th6 
quantity  of  ice  which  would  hare  been  melted  if  die 
original  temperanire  of  the  body  had  been  i6y\ 
.Laftly,  the  above-mentioned  fourth  proportional 
muft  be  divided  by  the  wei^t  of  the  body  (ex-^ 
prefled  in  pounds  and  decimals)  and  the  quotient 
will  exprefs  how  much  ice  one  pound  of  that  body 
caadiflblve.  This  is  the  value  of  its  (becific  ca- 
loric. 

'^  }{ the  body  be  a  fluid,  it  muft  be  put  into 
fome  veflel,  the  fpecific  caloric  of  which  has  been 
previoufly  determined*  The  procefs  is  the  fame  as 
that  defcribed  in  the  precedfttg  two  paragraphs ;  but 
care  muft  be  taken  to  deduft  from  the  quantity  of 
ice  diflblved,  that  which  arifes  from  the  cooling  of 
the  veflel. 

*^  If  the  quantity  of  caloric  which  difengages  it- 
felf  from  the  combination  of  feveral  fubftances  be 
required,  they  muft  be  all  reduced  to  the  tempera- 
ture of  32%  they  are  then  to  be  mixed  together  in 
the  interior  part  of  the  calorimeter,  and  to  be  left 
there  till  they  return  to  the  term  3a".  The  quantity 
of  ice  diflblved  will  indicate  the  quantity  of  caloric 
difengaged  during  the  combination. 

"  When  bodies  in  a  ftate  of  combuftion,  or  living 
animals,  are  fubjeded  to  trial,  the  operation  is  the 
fame  i  except  that  £re(h  air  muft  be  introduced  into 
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the  calorimeter ;  that  this  air,  when  it  arrives,  fliall 
be  at  the  temperiture  of  31"* ;  and  that  ic  be  ac  thd 
fame  when  it  iifues  from  it,  in  order  to  avoid  enx>r 
in  the  refidt:  for  this  purpole>  when  it  enters  and 
ifliies  from  the  veflel,  it  ntiud  be  made  to  pais  throi^ 
lobes  furrounded  with  pounded  ice/' 

By  means  of  the  calorimeter,  Meflienrs  hiroiEtc 
tad  Laplace  dcternoined  the  fpecific  caloric  of  ie- 
veral  fubftances,  of  which  mention  has  been  made 
in  the  table  of  page  70,  and  to  which  the  foUowing 
three  curious  refults  will  be  added  ♦. 

The  combuftion  of  one  pound  of  phofphorus  re- 
quires if  pound,  or  27648  cubic  Inches,  of  oxygen 
gas,  and  forms  2  f  pounds  of  concrete  phofphoric 
acid.  The  caloric  difengaged  in  this  combuftilon 
and  fumiflied  by  the  oxygen  gas,  caufes  100  pounds 
of  ice  to  diflblve,  and  confcquenriy  excites  13532*  of 
heat.  Hence  it  refults  that  one  cubic  foot  of  oxygen 
air  can  fumifh  caloric  enough  to  excite  above  876* 
of  heat,  and  of  diffolving  6,25  pounds  of  ice. 

The  combuftion  of  one  pound,  or  24908 1  cubic 
inches  of  hydrogen  gas,  requires  104448  cubic 
inches  of  oxygen  air,  dlffolves  295,6  pounds  of  ice, 
and  forms  61440  grains  of  water;  which  fhews  that 
fomc  caloric  remains  in  the  water;  for  otherwifc 
that  quantity  of  oxygen  air  would  melt  more  ice. 

The  combuftion  of  one  pound  of  charcoal  required 
47396  cubic  inches  of  oxygen  air,  diffolved  g6  I 

•  Lavoiftcr's  Chetniftry,  Part  III.  Chap.  III. 
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pounds  of  ice,  and  formed  4735!  cubic  inches  of 
carbonic  acid  gas,  which  weighed  32914  grains^ 
Tt)if  alio  (hews  that  a  confuderable  quantify  of  ca- 
flbric  centers  into  combination  .with,  or.  is  jemployed 
^^fbrpi,  the  cai*booic  acid  gas. 

I  (hall  juft  obfervc,  with  refpedt  to  the  cabrimer 
^f  that  notwithftanding  its  great  utility,  yet  both 
jt;s  conftrudion  and  its  ufc  arc  not  free  from  oh?' 

-^jbijconclufion  it  feems,  as  all  the  fads  tend  to 
prove,  that  caloric  is  a  real  fubftance,  perhaps  the 
only  real  fluid  and  the  general  folvent  of  all  other 
bodies  -,  for  any  other  body,  as  far  as  we  are  able  to 
try,  becomes  a  fluid  by  combining  with  a  fufficient 
quantity  of  caloric. 

It  enters  into  combination  or  mixes  with  the  par- 
ticles of  all  bodies,  and*  produces  the  efFefts  which 
other  combinations  are  wont  to  produce,  viz.  it  en-* 
farges  their  bulk;  is  expelled  by  compreflion  j  it  fe- 
parates  other  fubftances  which  have  lefs  affinity  than 
caloric  for  a  given  body,  and  diminifties  their  attrac- 
tion of  aggregation ;  it  mixes  in  greater  quantities 
with  fome  bodies  than  with  others^  and  it  paflcs 
through  fome  bodies  eafier  than  through  others. 
When  caloric  is  expelled  from  a  chemical  combina- 
tion, the  bulk  of  the  mixture  is  lefs  than  that  of  the 
fum  of  the  ingredients  5  and,,  on  the  contrary,  when 
the  compound  is  greater  in  bulk  than  the  fum  of  the 
ingredients,  cold  is  produced,  viz.  caloric  is  abforb- 
cdj  and  of  couric  is  feparated  from  the  contiguous 

bodicst^ 


Cftbe  Capacity  (fBtMesfir  Cabriet  (^e.      85 

fx)dies.    An  this  (hews  thac  caloric  has  bulk  like 
other  matter. 

The  heating,  or  the  addition  of  heat  to  a  bod^^t 
has  not  been  found  to  increlfe  its  weight  *•  Then 
if  caloric  be  matterj  it  will  naturally  be  afked,  why 
does  it  not  poflefs  weight  or  gravity  like  other 
matter  ?  In  anfwer  to  this  queftion,  Mr.  Tillo^ 
iogenioufly  obferves,  that  ithe.fpecific  gravity  of  bo« 
dies  b  diminiihed  by  heating,  viz.  by  the  communi- 
cadon  of  caloric,  (ince  they  are  increafed  in  bulk  ; 
and  cfiat  the  addition  of  heat  to  a  body  in  air  pro^ 
duces  the  fame  e£fe6:  that  a  piece  of  cork  would  da 
if  it  were  annexed  to  a  piece  of  gold  in  wiiter^  riz. 
le&n  its  gravity,  beeaufe  cork»  though  poflefl^ed  of 
gravity,  is  lighter  than  water;  and  caloric  may 
likewife  be  poflefTed  of  gravity,  though  it  be  lighter 
than  air.  He  imagines  that  if  the  experiment  were 
performed  in  vacuo,  the  increafe  of  abfolute  weight 
by  the  addition  of  heat  to  a  given  body,  might  be 
perceived  f . 


♦  Sec  Count  Rumfor4's  Paper  on  the  weight  afcribcd  to 
heat,  in  die  Philofophical  Tranfaftions  for  1799* 

t  PhUofophical  Magazine,  N°  XXXIV, 
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CHAPTER     Vf. 


pf  THE   FRODUCTIOK9   COMMUNfCATIOK^   4ljrp 
AFFtlCATION   OF  HEAT   AKD   COLD. 


HAYING  treated 'fulficicntljf  pf  thip  theory. of^ 
b(:9t  in  fhe  pr^fdjng  chapters,  it  is  nofr  oe- 
^dpSiry  |x>  es^aroinc  the  fubjed  in  a  manner  mqr^^ 
pppulj!^  i;,nd  iporc  generally  ufefiil. 

Heat  and  cold  an;  relative  terms*  The  &nic 
^Oiperature  is  cold  ivith  rpfpcft  to  a  higher  tcm- 
pjCr^tui;?,  a^nd  hot  ^yitl^  rcfpedt  to  a  lower  tempera- 
ture. But  in  common  language  the  more  ufu^l,  or. 
th?  mean  temperature  of  the  country^  is  conHdercd 
as  the  limit  of  heat  and  cold ;  below  that  limit  wc 
ufu^ly  call  it  cold  s  above  that  limit .  wc  call  it . 
hot. 

The  mean  temperature  of  the  fame  country  is 
fubjeft  to  a  very  trifling  variation  from  year  to 
year ;  but  the  mean  temperature  of  different  coun- 
tries differs  confidtrably ;  nor  is  that  difference  pro- 
portional merely  to  the  latitude  of  the  country.  It' 
depends  alfo  upon  the  fituation  of  the  land  or  the 
waicr,  upon  the  vicinity  of  large  continents,  high 
mountains^  or  woods,  or  exteniivc  feas, . w. 
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An  the  heat  weexperiencd  in  the  world  is  derived 
from  dure  fources,  vii«  ift,  Arom  the  fiin  i  2dly» 
from  compreffion,  under  which  denomination  we 
comprife  coUifion  and  friclion  i  and  jdly,  from  the 
dccompofidon  and  compofidon  ,of  bodies,  which 
comprehends  combaftions»  fermentations,  &c* 

L  The  dired  rays  of  the  fun  on  the  £mae  fpbc  of 
die  fur&ce  of  the  earth  are  more  or  lefs  hot  accord^ 
11^  to  the  time  of  the  year,  cleameis  of  the  at- 
mofphere,  ftate  of  the  wind,  and  the  color,  together 
with  the  quality  of  the  fpot.  On  this  ifland,  and  in 
die  hotteft  time  of  the  fummer,  the  direft  rays  of 
the  lun  ieldom  raife  the  thermometer  to  high  as 
no®.  In  other  climates,  efpecially  within  the  tro- 
pics, they  raife.the  thermometer  confiderably  higher^ 
viz.  20,  m  30,  or,  as  it  is  faid,  even  40  degrees 
hij^her  than  i  lo.  But  we  mud  not  believe  the  idle 
ftories  of  their  melting  lead,  or  even  of  their  fetting 
fire  to  gunpowder. 

It  is  not  on  account  of  the  fun's  being  nearer  or 
fiu-ther  from  us,  that  we  receive  much  more'heat  at 
one  time  of  the  year  than  at  another ;  for  the  dif- 
ference of  its  diftance  is  too  fmall  to  produce  any 
fenfible  efreft:  but  we  receive  more  heat  in  fum- 
mer than  in  winter,  id,  becaufe  the  fun  is  nearer 
to  our  vertex,  or  to  the  zenith,  and  its  rays  pafs  a 
fliorter  way  through  the  acmofphere,  and  are  of 
courfe  intercepted  by  it  lefs  than  in  winter.  See 
fig.  12.  Plate  XVIII.  where  AB  reprefents  the  fur- 
iace  of  the  earthy  FGH  the  atmofphere,  D  and  E 

04  two 
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two  fituations  of  the  fun*,  and  C  a  particular  fyoit  on 
the  furfece"  of  the  earth.    It  is  evident  that  HC  is 
greater  than  GG,  viz.:  that  the  rays  of  the  fun  pafs. 
through  a  fmaUer  part  pf  the  atmofphere,  when  the 
fun  is  at  D  than  when  it  is  at  E.     This  alfo-  (hews 
why  the  lays  of  the  fun  are,  upon  idbe  whole,  hotter, 
at  about  noon  than  when  the  fun  is  jufl:  rifen  or  near 
fctting :    adly,  we  receive  more  heat  when  the  fua 
is  higher,  becaule  then  a'  greater  quantity  of  its  rays 
fell  upon  any  given  portion  of  the  furfam  of  the. 
earth,  than  when  the  fun  is  lower  and  its  rays  come 
in  a  more  oblique  direftion :  and  3dly,  becaufe  in 
the  fummer  the  fun  remains  longer  above  the  tuH 
rizon  than  in  winter,  and  of  courfc  the  furface  of 
jhe  earth  is  expofed  longer  to  its  rays. 
.    It  might  at  fiKl  fight  be  expefted,  that  in*  general 
the  hottcft  time  of  the  day  would  be  at  noort,  viz. 
when  the  fun  is  higheft;  and  that  the  hotteft  time 
of  the  year  would  be  when  the  fun  is  at  the  fummer 
foHlice.     But  this  is  not  the  cafe ;  for  the  hottefl: 
part  of  the  day,  when  no  accidenwl  circumftance 
intcrvenps,  is  always  fome  time  in  the  afternoon,  and 
nearer  to  the  noon  in  winter  than  in  (ijmmer.     In 
xht  laft-mentioncd  fcafon,  in  this  climate,  the  hot- 
teft time  of  the  day  (I  mean  i^ot  of  the  diredt  rays 
of  the  fun,  but  of  the  air  in  the  fhadc)  is  at  about 
Q,  o'clock,  or  rather  a  little  before.     The  hotted; 
time  of  the  year  in  this  country  generally  is  in  July, 
viz.  after  the  folftice.     The  reafon  of  this  is,  that 
though  the  rays  of  the  fun  give  n\ore  heat  when  the 

fud 
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fun  18  higher,  andofcourfe  at  2  o'clock  they  muft 
give  lefs  heat  than  at  noon  i  yet  the  earthy  and  tho 
air  contiguous  to  it,  are  hotter  at  two,  bccaufe  they 
retain  a  confiderable  portion  of  the  heat  acquired 
before  that  time;  fo  that  as  long  as  they  acquire  a£ 
any  particular  time  a  greater  quantity  of  heat  than 
they  lofe  of  what  they  had  .previoufly  acquired, 
their  temperature  muft  continue  to  indreafe.  .The 
fiune  thing,  mutatis  mutandis^  muft  be  undcrftood 
with  refpedt  to  the  communication  of  cpld^  orprw 
ration  of  heat,  • 

'^he  earth  acquires  heat  in  the  day-time^  and 
lofes  it  during  the  night.  In  fummer  the  lofs  of 
heat  during  the  night  is  lefs  than  the  acquifition  of 
)(  during  the  day ;  therefore  that  excefs  of  heat  ia 
gradually  communicated  from  the  furface  to  the 
more  internal  parts  of  the  earth.  In  winter  the  lo(a 
of  heat  during  the  night  is  greater  than  the  acquifi^ 
tion  of  it  during  the  day ;  therefore  cold  is  gradually 
(:ommunicated  from  the  furface  to  the  more  internal 
parts  of  the  earth.  But  when  the  above-mentioned 
fummer  hea^t  has  penetrated  a  certain  way^  the 
winter  cold  begins  to  countera£t  it  >  and  when  the 
(x>ld  has  penetrated  a  certain  way,  the  next  fummer 
}ieat  begins  again  to  countered  it ;  fo  that  below 
that  certain  depth,  there  is  no  alteration  of  tem- 
perature at  any  time  of  the  year ;  unlefs  you  come 
in  the  vicinity  of  fome  volcano,  or  near  any  par- 
ticular combination  of  fermenting  minerals ;  which 
ibots^  bowevisr,  in  proportion  to  the  reft  of  the  outer 

part 


pait  of  the  earth,  are  exceedingly'  few,  and  very 
fimited  in  their  influence* 

This  it  the  reafon  why  in  deep  ph:$»  and  even 
vidiin  50  or  60  &et  of  the  furface  of  the  earth,  the 
diemionfieter  makes  litde  or  no  variation  through- 
out  the  year.     Thofe  pits  feem  to  us  warm  in 
:wister  and  cool  in  fummer ;  for  as  they  renmin  al* 
wayis  at  die  fame  temperature,  that  temperature  i» 
A&ft  warmer  than  that  of  the  external  air  in  winter, 
and  cooler  in  lummer*    This  likewiie  (hews  why 
die  waters  of  deep  wells  feem  cool  in  fummer  and 
waim^  in  winter.    Indeed  fo  nearly  uniform  is  their 
itniperature,  diat  we  may  from  them  afcertain  tfie 
Mean  temperature  of  a  country ;  viz.  draw  a  pail 
of  water  out  of  a  deep  well  (for  inftance,  of  above 
50  Ibet)  efpecially  a  well  that  does  not  contain 
smnrh  water,  and  immediately  place  the  thermome- 
ter ifiii^i  the  degree  to  which  that  thermometer  is 
failed,   K  the  Qican  temperature  of  that  country 
wherein  the  experiment  is  p^rformed^  or  it  diflfers 
▼ery  litdc  from  it  *. 

In  the  cave  of  the  Ot^ervatory  at  Paris  about 
90  foec  Mow  the  furface  of  the  ground,  the  ther^ 
inometer  ftands  at  sy^9  ^^  variations  not  amount^ 
Uig  to  one  degree.  The  mean  of  the  greateft  colds 
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*  See  the  PHiloT^Mcal  Trai^Si^ons,  vol.  78,  p.  i  K). 
t  Dr.  Martine  (ays  53%    See  his  Ei&ys,  Medical  an4 

an4 
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pad  the  grcatcft  hpacs  obferved  a;  Paris  dprjng  56 
ycarsi  is  54^5  *. 

In  London  the  mean  temperature  is  5o^f  Bu^ 
in  procefs  of  time  the  mean  temperature  of  a  coun- 
try is  liable  to  changes,  owing  to  cultivation  an4 
to  a  variety  of  other  caufcs*  See  Nf ann's  Papers, 
PhiL  Mag.  vol  IV.  and  V. 

The  following  general  axioms  have  been  formT 
pd  by  L.  Cotte,  refpefking  the  thermometer,  from 
an  examlnatioq  of  various  meteorolQgics(l  obferr 
yadons  made  during  30  years  §• 

^  The  thermometer  rifes.  to  its  extreme  heigh? 
oftenerin  the  temperate  zones,  than  in  the  torrid 
fone. 


-■-T 


*  Mem.  de  1  Acad,  des  Sciences,  1765,  p.  zq2. 
t  It  appears  from  the  Journal  of  the  Royal  Society,  wbici\ 
ftates  two  obfervations  of  the  thermometer  for  every  day 
diroQgbout  Che  year,  that  the  general  mean  is  50%5 ;  thp 
mean  for  each  fingle  year  being  fometimes  as  low  as  about 
48^,  and  at  other  times  as  high  as  about  52®.    But,  as  it 
,;^ppears  from  the  regifter  of  Six's  thermometer,  which  has 
of  late  years  been  inferted  in  the  Journal  of  the  Ropl  So^ 
dety,  the  mean  between  the  greateft  colds  of  the  night,  and 
die  greateft  heats  of  the  day^  is  49,97 ;  and  from  the.obfer- 
vations  made  in  Marlboroughrftreet,  by  the  lateLord  Charles 
Cavendifli,  the  mean  between  the  greateft  heats  of  th^  day, 
and  the  greateft  colds  of  the  night,  is  49%  196. 

Sec  the  Philofophical  Tran&aions  for  1788^  Art,  V* 
and  VL  alfq  Kirwan  on  the  temperature  of  different  lati- 
tude^ 

4  Gren's  Journal  de  jKijf.  vd.  m.  p.  5. 
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'*  It.  changes  very  little  between  the  tropics  j  its 
variations,  like  thofe  of  the  barometer,  ^re  greater 
ifcc  /nore  one  proceeds  from  'the  equator  towards 
the  poles, 

V^  It  rifcs  higher  on  the  plains  than  on  moun- 
tains, 

J, 

^^  It  does  not  fall  fo  much  in  the  neigbbotirhood 
erf*  the  fea  as  in  inland  parts. 

•^  The  wind  has  no  influence  on  its  motions. 

•^  MoHlure  has  a  peculiar  influence  on  it,  if  fol-r 
lowed  by  a  wind,  which  diffipates  it, 

•*  The  grcatcft  heat,  and  the  greateft  cold,  take 
pl^cc  about  fix  we^k^  after  the  northern  or  fouthcrn 
Iblftice. 

/^  Xhc  thermometer  changes  more  in  fummer 
dian  in  winter. 

^'  The  cpldeft  pcripd  of  the  day  is  before  fqnT 
fifp. 

"  The  greateft  heat  in  the  fun  and  the  fliadc  feU 
^om  takes  place  on  the  fame  day. 

"  The  heat  decreafes  with  far  more  rapidity  frort> 
September  and  OAober,  than  it  is  incrcafed  from 
July  to  September. 

*'  It  is  not  true,  that  a  very  cold  winter  is  the 
prognoftic  of  a  very  hot  fummer.'* 

The  fituatibn  of  the  thermometer,  for  afcertain- 
ing  the  temperature  of  the  ambient  air  at  different 
times,  is .  jiot  a  matter  of  indifference.  That  it 
fhould  be  placed  out  of  the  houfe,  at  a  little  diftance 
&pm  the  wall  of  th(  hpufe^  apd  where  hq  ftr^^")  ^^ 

hQt 
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liot  air  from  kitchens^  &c.  may  affed  it,  ts  dear 
and  obvious ;  but  there  have  been  obfervcd  certain 
peculiarities  of  local  heat»  which  often  render  tiie 
indications  of  a  fingle  thermometer^  doubtful  or 
equivocal ;  hence  the  fureft  nictbod  would  be  tp 
employ  two  or  three  thermometers  fituated  at  difi^ 
ferent  heists  from  the  furface  of  the  earth,  ^nd 
to  take  a  mean  of  their  contemporaneous  ihdica;^ 
tions. 

In  fliort,  it  has  beeh  obferved  that  thermometer^ 
lituaced  at  different  altitudes,  are  differently  affpfUdi 
and,  what  is  more  remarkable,  that  in  the  aig^ 
timet  Specially  when  the  air  is  ftill,  and^  the  lk|r 
pcrfeftly  free  from  clouds,  the  thermometer,  clofe 
to  the  fufface  of  the  earth,  indicates  a  greater  dc-^ 
gree  of  cold  than  at  a  higher  fituation.  A  confi- 
derable  number  of  obfervations  have  been  made 
withrefped  to  this  peculiarity  of  tennperatures;  buc 
they  do  not  as  yet*  enable  us  to  form  any  general 
laws*  It  can  only  be  faid,  that  this  difference  of 
partial  temperatures,  which  does  not  amount  ta 
many  degrees,  may  be  owing  to  evaporation ;  and 
perhaps,  as  Mr.  Six  conjedures,  to  the  coolneft 
which  the  dews  or  vapours  may  acquiie  in  their 
delceni*. 


•  Sec  Mr.  Wilfon's  Paper  in  the  Philofiphical  Tranf* 
aftions  for  1780,  and  Mr.  Six's  curious  papers  on  Local 
Heat)  in  the  Philofophical  Traiifai^tions  for  1784  and 
1788. 

•     This 


t 

This  however  muft  be  bnderftood  of  no  great 
altitudes ;  for  on  great  elevations>  fuch  as~  mouh*^ 
tains,  the  difference  of  temperature  is  very  remark- 
able;  fuch^ indeed,  that  in  every  climate^  even  ia 
tiie  torrid  zone,  there  are  mountains  which,  beyond 
a  cert^n  altitude,  are  covered  with  everlalling  ice  t 
owing  to  their  being  fo  hv  from  the  body  of  the 
earth,  as  not  to  participate  of  the  general  ftock  of 
heat  which  the  whole  body  of  the  earth  receives 
fiom  the  fun.  Another  concurring  cai^  is,  that 
nunmtains  are  gready  expoled  to  winds,  efpecially 
to  tl^fe  which  rife  from  die  plains  belo^,  and 
^ich  muft  occafion  a  confidcrable  refrigeration,  in 
t^nfequehctf>  as  Dr.  Darwin  juftly  obferves,  of  di6 
^panfion  of  the  afcending  air  *. 

The  line  of  congelation,  beyond  which  no  fluid 
water  k  to  be  found,  is  more  or  Icfs  diftant  from 
the  plane  furface  of  the  earth,  according  to  the  dif- 
ference of  latitude. 

It  appears  from  the  obfervations  of  Mr.  Bougner 
and  others,  that  In  the  middle  of  the  torrid  zonr  the 
line  of  congelation  lies  at  about  the  height  of  1 5600 
feet ;  and  near  the  tropics,  or  the  entrance  to  the 
temperate  zones,  it  lies  at  the  height,  of  about 
13428  feet.  On  the  ifland  of  Tencriffc,  in  lat.  28* 
north,  the  line  of  congelation  is  at  the  altitude  ol 
about  ibocQ  feet.  It  is  about  6740  feet  high  in 
Auvergne,  lat.  45*  north.     It  feems  to  be  about 


*  PbilvTophical  Tranfa«aioni  for  4788,  Art.  IV. 
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5800  in  latitudes  between  5i»  and  54*  north.  In 
lat.  8o*  north,  lord '  Mulgrave  found  the  Knc  of 
congelation  at  the  altitude  of  about  1206  feet  above 
•the  level  of  the  fca;  whence,  ay  General  Roy  ob^ 
fcrvesy  we  niay  conclude,  that  the  furnace  of  &t 
earth  at  the  Pole  itfcif,  is  for  evei-  covered  with 
fnow. 

Before. we  conclude  the  accbunt  of  the  principal 
fourcc  of  heat,  viz.  the  folar  heat,  it  may  bc'nc- 
ceflary  juft  to  mention,  that  no  fehfible  heat  in 
known  to  be  derived  from  any  other  celeftial  lx}dy. 
The  moon  indeed,  on  account  of  the  great  11^  it 
rede^  on  the  earth,  might  be  expected  to  com- 
monicate  Ibme  degree  of  heat ;  but  though  that 
light,  concentrated  by  a  lar^  concave  mirror,  has 
been  thrown  upon  the  moft  fenGble  thermometers^ 
yet  I  am  riot  certain  that  ic  ever  afFcded  them.  A 
great  many  calculations  have  been  made  concerning 
the  proportion  between  the  light  which  we  receive 
diredly  from  the  fun,  and  that  which  is  reflected  to 
us  from  the  moon  ;  from  which  it  appears  that  thfe 
latter  is  feveral  hundred  times  lefs  denfe  than  tht 
former  ;  jwid  the  heat  of  both  is  fuppofcd  to  be  in^ 
the  fame  proportion. 

If.  Comprcflion,  or  colKfion  (which  is  a  fuddeii 
comprcffion)  is  the  fecond,  and  the  more  generally 
ulcd,  iburce  of  heat,  and  the  communication  of 
the  Jieat  thus  produced  to  combuftible  matters, 
produces  that  dccompofition  which  is  comnrx>n]y 
called  fre. 

Woed 
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.  Wood  rubbed  againft  wood,  or  againA  any  hare! 
4>ody  s  metal  rubbed  againft  metal,  or  againid  any 
.other  body ;  in  (hort,  folid  bodies  rubbed  or  knock* 
td  againft  each  other,  are  thereby  heated,  often  lb 
^  as  to  become  red-hot. 

By  this  means  heat  may  be  produced  where  there 
is  no  oxygen  air  whatever,  fo  that  in  thofe  cafes  it 
cannot  be  derived  from  the  decompofition  of  that 
air.  This  has  made  feveral  perfons  fufpedt  that 
heat  is  riot  the  efFeft  of  a  peculiar  fubftance  called 
caloric,  but  that  it  is  only  a  peculiar  movement  of 
the  particles  of  bodies.  It  muft  however  be  confi- 
dered,  that  there  is  no  friftion  which  does  not  pro- 
duce compreflion,  viz.  a  contraftion  of  the  bulk  of 
the  bodies  concerned,  at  leaft  for  a  time*;  and 
therefore  that  the  caloric  is  forted  out  of  the  bodies 
themfelves,  and  being  Communicated  to  the  fur- 
rounding  bodies,  produces  the  ufual  figns  of  heat. 

What  very  much  corroborates  this  aflcrtion  is, 
that  fubftances  which  arc  not  comprcffible,  arc  not 
heated  by  mechanical  force  j  thus  a  flint  will  only 
be  broken,  but  a  piece  of  foft  metal  will  be  heated, 
by  the  ftrokes  of  a  hammer.  Thus  alfo  you  may 
place  any  weight  upon  a  quantity  of  water,  without 
altering  its  temperature,  becaufe  the  compreflibility 


•  Woods  a^d  other  foft  fubftances  are  vifibly  contra£bd 
by  fri6l!on.  Metallic  bodies  are  alfo  contradcd  by  rubbing, 
rolling,  or  hammering  \  for  their  fpecific  gravities  are  there* 

■ 

by  increafed, 
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of  .witer  is  almoft  nothing ;  but  if  you  place  an  ad-^ 
dkional  weight  upon  a  quantity  of  air,  the  bulk  of 
that  air  will  be  contraded,  and  its  tennperaturc  will 
be  mi  fed. 

Bjr  abotit  15  or  20  fmart  and  quick  ilrokes  of 
I  hunrntt  on  the  end  of  an  iron  rod  of  .a:bout  a 
IQuter  of  an  inch  in  diameter,  placed  upon  an 
mvil,  an  expert  blackfmith  will  render  that  end  of 
ehc  rod  vifibly  red  hot*  But  the  produftion  of 
Hvid  red  (parks  from  the  flrriking  of  a  piete  of  fteel 
ag^unft  the  ed^  of  a  flint,  is  a  phenomenon  not  lefs 
ciirioiis«  Thofe  fparks,  if  let  fall  upon  a  fheet  of 
ptper,  wiH  be  found  to  be  particles  of  thtf  fteel 
partly  oxygenated.  They  are  fcraped  off  by  the 
ffinty  and  of  courfe  compreiTed  fo  as  to  be  hear* 
ed,  ccc» 

III.  The  third  developement  of  heat  arifcs  front 
nPMxture,  from  confipofition  and  from  dccompofition 
ofbodies. 

Acids  on  being  mixed  with  water,  fpirit  of 
wiiic  on  being  mixed  with  water,  and  a  great 
Tariety  of  other  bodies,  on  being  mixed,  become 
more  or  lefs  hot.  It  is  not  every  mixture  that  be- 
comes hot ;  but  it  has  been  remarked,  that  when- 
ever a  mixture  of  two  or  more  bodies  is  attended 
tiith  heat,  the  bulk  of  that  mixture  is  lefs  than  the 
fcmof  the  bulks  of  the  fcparate  ingredients ;  viz.  a 
comprcffion  or  concentration  takes  place,  which  is 
accompanied  with  a  developement  of  caloric. 

Subftances,  whether  animal  or  vegetable,  under 

VOL.  III.  H  fermentation, 
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fermeDtationj  viz.  decompofing  fubftances^  are  al- 
ways attended  with  heat.  That  fort  of  decompofr- 
tion  of  combuftible  iubftances,  or  of  oxygen  ufj 
which  produces  a  rednefs,  &c.  is  commonly  called 
fire  I  and  is  gradually  propagated  from  one  pare  to 
another  by  its  own  adion.  Thus,  when  the  above* 
mentioned  ignited  particles  of  fieel  are  received 
upon  a  fubftance  of  eafy  decompofition,  fuch  as 
tinder,  the  tquching  parts  *of  the  tinder  are  heated 
and  decompofed  by  that  heat,  their  component  par«^ 
ticks  then,  attraAing  the  oxygen  of  the  air,  dileh- 
gage  the  caloric  of  that  fluid,  and  this  caloric  heats 
and  decompofes  the  contiguous  parades  of  the 
tihderj  which  alfo  decompofe  niore  air  s  and  thus 
the  combuflion  proceeds  and  condnues  as  long  as 
there  are  combuftible  fubftances  and  oxygen  air 
ready  for  decompofidon. 

It  is  evident  that  the  conta6b  of  a  fubftance  ac- 
tually  burning  is  not  abfolutely  neceflary  for  com- 
municadng  the  combuftion  to  other  combuftible 
bodies  i  it  being  only  necefliary  to  heat  thole  com* 
buftible  bodies  to  a  certain  degree  s  and  heat  h 
communicable  without  the  afhial  contad  of  the  %- 
nited  body. 

Sometimes  combuftion  is  communicated  ftooi  a 
burning  body  to  another,  which  is  not  fo  near  at  ID 
be  heated  fufiiciendy  by  it.  Thus,  when  a  taUow 
candle  juft  blown  out  is  (ituated  within  a  certain 
diftance  of  the  flame  of  another  lighted  candle,  aoi 
in  fuch  a  diredion  as  that  the  flxeam  of  fmoke  or  t 

yapoiff 
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tlpbur,  which  proceeds  from  the  former,  may  pafs 
through  the  flame  of  the  latter )  it  frequently  hap-» 
pens  that  the  former  is  thereby  lighted;  But  ic 
muft  be  obierved)  that  in  this  and  other  (imilar 
cafes,  the  ftream  of  fmoke  and  vapour  is  a  real  tr^n 
of  combuftible  matter^  which  is  inflamed,  and  burns 
progreffively  from  the  flame  of  the  lighted  candle 
to  the  wick  of  the  other. 

A  Tiriety  of  oeconomical  regulations^  the  efta-^ 
blifhed  cuftoms  of  the  greateft  part  of  the  humaii 
ipecies,  die  operations*  of  difl[erent  arts,  the  com- 
forts and  even  the  aftual  exiftence  of  human  life^ 
require  an  artificial  fupply  of  heat;  and  the  greateft 
part  of  that  heat  can  only  be  obt^ned  from  the 
burning  of  combuftible  bodies^ 

The  combuftibles,  or  the  fuel  for  copimon  fires, 
arc  either  wood  or  pit- coals  ^  for  all  the  other  com- 
buftible fubftdnces  are  neither  plentiful,  nor  can  they 
be  advantageoufly  ufed.  Wood  for  burning  is  be- 
come rather  fcarce  almoft  all  over  Europe ;  coals  are 
HOC  to  be  (bund  in  every  country,  and  even  where 
found  their  mines  muft  be  exhaufted  in  time, 
Thefe  cpnfiderations  fuggeft  the  propriety  of  ufing 
with  care  and  ceconomy  thofe  two  fpecies  of  fuel. 
By  proper  management  a  great  deal  of  wafte  may 
be  preventtd,  without  diminifhing  the  advantages 
which  arc  derived  from  the  ufe  of  fires. 

In  the  conftruftion  of  fire-places,  and  in  the  ap- 
plication of  their  heat,  fome  general  rules  may  be 
If  ufe  to  the  intelligent  reader. 

H  i  I.  The^ 
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1.  The  materials  for  the  conftruSion  of  fire- 
places ougiit  to  be  bad  condudors  of  hcsx^  vis^ 
earthen  ware  or   ftone^   rather  than  mecal;    but 

■ 

where  metal  cannot  be  avoided^  then  the  metalitc 
parts  ought  to  be  iurrounded  by  bricks  or  other  hoA 
condu&ors  of  heat,  excepting  where  the  heat  mayt . 
be  required  to  be  tranfmitted. 

2.  The  draught  of  air  necef&ry  for  the  com* 
Jbuftion  ought  to  be  juft  fufficienCi  and  not  too 
much.  The  ftream  of  it  muft  be  conveyed  m  fodi 
a  diredlion  as  not  to  interfere  with  the  veflela,  or 
people,  &c.  that  are  to  be  heated  by  the.ficc^-^It 
has  been  found  that  in  a  furnace  where  ftrong  heat 
is  required  to.  be  produced,  and  where  bellows  are 
ufed,  a  large  quantity  of  air  thrown  in  with  litdf 
velocity,  is  more  ufeful  than  a  fmaUer  qwn(ity 
which  is  thrown  in  with  greater  velocity. 

3*  When  heat  is  to  be  conveyed  through  tubat 
paflages,  &c.  care  muft  be  bad  to  furroond  thofe 
tubes  with  bad  conductors  of  heat. 

4*  In  the  conftrU&ion  of  6re  places,  fumace^i 
ovens/ &c.  and  in  the  management  of  heat,  itimuft 
be  likewife  remarked,  that  heat  paiTes  throughfcer- 
tain  bodies,  is  reflefted  by  others,  and  is  refraAcd 
(viz.  its  courfe  is  bent)  in  pafling  through  others/** 
Thefe  properties  will  be  briefly  explained  tn  ,de 
fcquel. 


♦  For  the  particular  conftrudHon  of  Kitchen  firc-pbce% 
fee  Count  Rumfbrd's  EQays. 

or 
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Of  the  folids  the  metallic  fubftances  are  the  beft 
conduftors  of  heat,  next  to  them  are  fome  compaft 
ftones.  Th6  other  earthy  bodies  conduft  Jefs  and 
fefiy  in  proportion  as  they  are  lefs  compa<%  in  their 
texcnrC}  and  more  mixed  with  water  or  oleaginous 
lubAances.  Coals,  and  other  combuftible  minerals, 
are  very  bad  condwftors  of  heat.  Wood,  and  other 
vegetable  parts,  and  fuch  bodies  as  are  fbmned^of 
them,  viz.  paper,  ropes,  &t.  are  fo  bad  condudtors 
c£  heat>  that  you  may  fafely  hold  a  piece  of  any  of 
them  that  is  adtually  burning  within  lefs  than  an 
inch  diftance  from  your  fingers.  Charcoal  and  char- 
coal duft,  are  very  good  non  conduftors  of  heat> 
and  on  that  account  very  fit  to  be  placed  round 
tobcs^  partions,  &c.  wherein  heat  is  to  be  re^ 
tahied. 

Fluids  feem  to  be  exceedingly  bad  cohduftors,  if 
not  perfea  non-condu6tors,  of  heat.  In  Ihorr, 
beat  feems  to  be  propagated  through  fluids  merely 
in  confcquence  of  the  internal  motion  of  their  par- 
ades. Whatever  permits  or  promotes  that  motion, 
coBtributes  to  the  propagation  of  heat;  — whatever 
obfhu&s  that  motion,  retards  the  propagation  of 
heat  through  fluids.  The  particles  of  air  which 
come  in  contaft  with  an  heated  body,  being  thereby 
heated  and  rarefied,  become  fpecifically  lighter 
than  the  furrounding  air,  and  of  courfe  afcend ; 
other  m  then  comes  in  conta<9:  with  the  heated 
body,  and  this  atfo  is  heated  and  caufed  to  afcend, 
9cc.    Thus  is  heat  conveyed  from  the  original  hot 

H  3  body. 
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bodyt  by  the  aifj  to  a  diftance  from  it;  but  if  that 
motion  of  the  air  be  pbftrufted,  its  by  theintcrpofir 
tion  of  partitions^  of  papers^  wool^  cotton^  furs, 
and  the  like ;  th/pn  that  communication  of  heat  i| 
thereby  prevented  more  or  lefs,  in  proportion  to 
the  obftrudion  to  the  motion.  It  is  principally  %m 
this  account  that  furs,  feathers,  cider  down,  cott3on, 
9nd  the  likCi  form  warm  coverings,  viz.  becaufet 

• 

by  preventing  in  a  great  meafure  the  motion  c^^tfac 
air  bet>i^een  their  fUaments,  prevent  at  tt^e  fame 
time  the  dilTipation  of  heat. 

Th<;  like  obfervations  are  applicable  to  water, 
and  perhaps  to  all  other  fluids.  When  a  Vcflel  foil 
of  water  is  placed  uppn  the  fire,  the  piarticles  of 
Mrater  that  are  clofe  to  the  bottom  of  the  veflel  ire 
firft  heated  ^nd  rarified,  viz.  l3ecome  fpectfically 
lighter ;  hence  they  afc^nd,  and  other  colder  piuti- 
cles  take  their  place  \  thefe  are  heated  next,  and 
likewife  rife,  &c.  This  is  the  caufe  pf  the  inteftioQ 
motion  of  water  whilft  heating.  If  the  fire,  be  ap- 
plied to  the  upper  part  of  the  water,  the  lower  water 
will  npt  thereby  bp  heated  -,  for  heated  and  rarefied 
water  will  not  d(efcend. 

Count  Rumford  confined  a  piece  of  ice  at  th^ 
bottom  of  a  pretty  tall  glafs  yeflcl  full  of  water  near 
the  boiling  point,  and  noted  the  time  it  required  to 
pielt  the  ice.  He  then  repeated  the  experiment^ 
^vvith  thi$  difference,  viz.  that  a  fimilar  )>iece  of  ice 
,was  placed  on  (he  furface  of  the  hot  water.  It  was 
fopnd  that  the  ipe  melted  more  than  eight  times 

flowcc . 
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flower  when  boiling  hot  water  (tood  on  it$  furfitcct 
than  idien  the,  ice  was  fuffered  to  fwim  on  the  fur- 
fiicc  of  the  hot  water.    This  very  remarkable  phe- 
nomenon is  eafily  explained  on  the  already  men* 
tiooed  property  of  fluids ;  viz.  when  the  ice  is 
fwiouning  on  the  fur&ce  of  the  hot  water^  the  par^ 
tides  of  the  latter  that  are  contiguous  to  the  former 
being  cooted,  defcend,  and  other  hot  particles  of 
water  take  their  place,  which  give  to  the  ice  part  of 
their  heat  and  defirend,  and  fo  on  i  but  when  the 
ice  is  at  the  bottom,  the  particles  of  water  that 
firft  come  in  conuft  with  it,  are  coole^,  and  are  ren- 
dered Ipecifically  heavier,  in  confequence  of  which 
they  remain  in  their  place,  and  no  motion  will  take 
fdace  within  the  water  *. 

AB,  fig.  13.  Plate  XVIIL  reprefents  a  glafs 
veflel,  like  a  thermometer  veflel,  but  larger,  and 
open  at  top ;  the  diameter  of  the  cavity  of  the  tube 
being  about  a  quarter  of  an  inch.  Fill  fuch  a  veflel 
with  water  till  within  about  an  inch  of  the  top,  and 
mix  with  the  water  fome  powders  that  may  have 
their  fpeciBc  gravity  nearly  equal  to  that  of  water, 
ib  as  to  remain  fufpended  in  it  (powder  of  rranfpa-  " 
rent  yellow  amber  anfwers  very  well)  j  for  the  motion 
of  the  water  will  be  rendered  manifeft  by  the  motion 
of  the  particles  of  the  powder.  If  thebulbB  be  gently 
heated,  a  current  of  warm  water  will  be  feen  to  rife 

^  Count  Rumfgrd's  7th  Eflay. 
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•long  one  iide  of  the  tube,  and  another  current  of 
colder  water  will  be  feen  to  dcfcend  along  the  otto 
fide  of  the  tube. 

Whatever  ohftrufts  the  free  modon  of  the  par- 
ticles of  the  fluid,  does  alio,  obftruft  the  propaga** 
CioA  of  heat  through  it.  Thus,  water  thickened  bj 
a  mixture  of  ftarch  and  other  fubftances,  or  im* 
peded  in  i<s  motion  by  wool,  cotcon,  eider 
down,  &c.  cannot  be  heated  nearly  fo  ibon  as  clear 
Water.  Hence  it  appears  whjr  ppplcs  and  Ibnno 
other  fruit  are  difficultly  heated  or  cooled ;  namely^ 
becaufc  they  confift  almoft  entirely  of  intnute  V«* 
ficles  full  of  liquor,  confequenriy  the  £quor  cannot 
move  from  one  part  of  tlie  fruit  to  the  other*  • 

An  emanation'  of  heat  proceeds  from  an  heate4 
body,  when  placed  in  a  colder  temperature,  ^nd 
expands  itfelf  in  every  direftion,  provided  it  be  no< 
prevented  by  the  interpofition  of  particular  fub- 
ftances.  Separate  parcels  of  that  emanation  are 
called  rays  of  heat ;  not  becaufc  that  emanation 
(as  far  as  we  know)  confifts  of  feparate  ftreamsf 
but  merely  for  the  conveniency  of  explanation. 

The  rays  of  heat  are  not  the  fame  diing  as  the 
r^ys  of  light;  for  if  they  were  the  fame  thing,  theq 
a  certain  quantity  of  heat  ought  to  be  conftantlf 
accompanied  with  the  fame  quantity  of  light  | 
whereas  we  find  that  feveral  fubftances  give  ou(  i| 
good  deal  of  lights  widiouc  any  ieafible  heat,  ao4 
others  give  out  a  confiderable  degree  of  beat  without 
any  lights    But  a  very  ftrong  confirmation  of  their 

bfing 
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being  two  leparate  powers  of  nature^ .  is  afibrded  hj 
Dr.  HerfcheFs  late  difcoveries,  the  principal  of 
which  will  be  mentioned  in  the  fequd* 

The  rays  of  heat  which  come  either  firom  the  fun, 
or  from  any  other  hot  body,  proceed  in  ftraight 
lines  all  round  the  body,  as  long  as  they  do  not 
meet  widi  any  oppofition,  viz.  any  body  that  hinders 
their  progrefe.  When  they  do  meet  with  any 
body,  then,  according  to  the  quality  and  ligure  of 
Aat  body,  they  are  either  rcfleftcd,  viz.  turned 
backwards,  or  they  are  abforbed,  or  they  are  trani^ 
mitted  through  the  body.  In  general,  thofe  three 
efftffts  take  place  at  the  fame  time,  viz.  the  rays  of 
heat  are  partly  rcflefted,  partly  abforbcd,  and  partly 
craniinitted,  by  the  fame  body ;  but  every  body 
produces  (bme  one  of  thole  efieds  ftronger  thaft 
the  others. 

The  fame  obfervations  jnay  be  nrnde  with  r<- 
fpt6t  to  light,  viz.  the  rays  of  light  do  al(b  proceed 
in  ftraight  lines  from  the  luminous  'body  in  every 
llire&ion,  as  long  as  they  do  not  meet  with  any 
body  which  either  refleds,  or  abforbs,  or  tranfmits 
them.  But  not  all  the  effects  produced  by  a  givetf 
body  upon  the  rays  of  light,  are  the  fame  as  thofe 
which  are  produced  by  the  fame  body  upon  the  rays 
of  heat ;  for  inftance,  a  plate  of  metal  which  is  im- 
pervbus  to  light,  will  in  great  meafure  tranfmit 
)ieat  I  a  plate  of  glafs  will  tranfmit  light  in  greater 
quantity  than  heat  i  and  fo  forth. 

The 
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The  furfaces  of  all  bodies  refle£t  in  greater  or  left 
quantity  the  rays  of  heat  which  happen  to  fall  upos 
them.  PolUhed  furfaces^  efpecially  of  metallic 
bodies,  refleA  them  mod:.  It  has  been  found  that 
the  angle  of  incidence  is  equal  to  that  of  refle£tioni 
or,  m  Other  words,  the  angle  which  the  rays  of  heat 
falling  upon  any  point  of  a  given  furface  form  with 
the  perpendicular  to  the  furface  at  that  point,  i$ 
equal  to  the  angle  which  the  fame  rays,  after  re- 
flexion, form  with  the  fame  perpendicular  s  viz.  the 
heat  which  proceeding  from  the  hot  body  A^  fig. 
1 6.  Plate  XVIII.  paffes  through  the  hole  at  G,  and 
impinges  at  B,  upon  the  refleding  furface  £  F,  is 
refledted  in  the  diredion  BC,  forming  the  angle 
of  incidence,  GBD,  with  the  perpendicular  BDj 
fqual  to  the  angle  of  re Aedion  D  B  C  s  and,  in  fiift, 
the  thermometer,  fituated  any  where  in  the  diredioQ 
fiC,  will  be  affeded  by  the  refledled  heat. 

Heiice  it  follows,  that  when  the  refleding  furface  is 
not  uniform,  viz.  not  polifhed,  but  rough  and  uneven, 
then  the  heat  is  fcattered  in  various  diredions} 
when  the  furface  is  flat  and  polifhed,  the  flream  of 
Fefleded  heat  is  equal  to  the  incident  flream ;  when 
the  furface  is  convex,  the  heat  is  refledtcd  diverg* 
ingly  i  and,  laflly,  when  the  furface  is  concave,  the 
heat  is  refle&ed  convergingly,  viz.  towards  a  narrow 
ipace,  called  a  focus^  beyond  which  the  rays  of 
heat  having  crofTed  each  other,  proceed  diverge 
ingly.  Thus,  in  fig.  18.  Plate  XVIII.  the  heat^j 
which  proceeding  from  the  hot  body  A,  falls  upon 

the 
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the  concaire  reficfting  furface  BC,  will  be  refleAed 
towards  £F ;  viz.  the  rays  ix4iich  fall  upon  the  part 
nearer  to  Bj  will  be  reflected  in  the  direction  BF, 
and  thofe  which  &11  upon  the  part  nearer  to  C  will 
be  refleOed  in  the  diredion  C£  %  fo  that  all  the 
rays  of  reflefbed  heat  pafs  through  a  fmall  fpace  or 
locus  at  D>  where  diey  crofs^  and  afterwards  pro* 
oeed  divofgingly  towards  EF.  It  is  hardly  necefikry 
toobferve  that  the  thermometer  will  be  aflfe<5tedmon5 
when  fituated  at  D,  than  in  any  other  part  of  the 
douUe  cone  B  C  D  E  F.  That  thofe  rays  of  heat 
io  actually  crois  each  other  at  D,  is  eaiily  proved ; 
fiu-  if  by  interpofing  a  fcreen  G,  you  intercept 
die  upper  part  of  the  incident  rays  of  heat,  then  the 
thermometer  will  be  afieded  .by  the  reQeded  heat 
only  in  the  direftion  C£ ;  and  if,  inftead  of  that*  you 
intercept  the  lower  part  of  the  incident  rays  by 
means  of  the  fcreen  H,  then  the  thermometer  will 
|>e  afie&ed  by  the  refledbed  heat  only  in  the  direc« 
tionBF. 

The  applicadon  of  refleded  heat  is  pretty  well 
underflood  in  ceconomical  afiairs,  and  may  be' 
adapted  to  a  great  variety  of  purpofes.  Thus  every 
body  knows  the  receding  power  of  tin  plates  in 
what  are  commonly  called  Dutch  ovens,  and  in 
Iptchen  fire-fcrecns.  The  reflcfting  power  of  the 
fnlcs  of  fire-places,  of  ovens,  of  walls  in .  gardens, 
^c.  are  likewife  well  known. 

The  intercepting  property,  or  the  abforption  of 
heat  by  different  bodies,  depends  upon  the  colouf 

Qf 
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of  the  bodyj  upon  its  capacity  for  heat»  upon  its 
conducing  power,  and  upon  the  fmoothncfa  or 
rooghnefs  of  its  far&ce. 

Upon  the  whde,  bodies  of  the  darkeft  colour, 
greatcfl  capacity  for  caloric,  and  rougheft  furfaces^ 
abforb  moft  heat.  If  various  thennometers  having 
thttr  hiilbs  painted  each  with  a  difierent  colour,  be 
expofed  to  a£re»  or  to  the  fun,  or  to  a  l^hted  can- 
<ilc,  they  will  be  unequally  affefted*,, 

if  equal  weights  of  .water/  and  of  mercury,  -bc^ 
'  ti0terfs  paribus^  'expofed  before  a  fire,  the  water  wiH 
ubibrb  more  heat  than  the  mercury ;  hence  its  tem- 
perature will  be  raifed   flower  than  that  of  the 
mercury  -f . 

The  tranfmiflion  x)f  heat  through  bodies  is  alio 
attended  with  remarkable  phenomena. 
*  Upon  the  whole,  it  feems  that  in  palUng  obliquely 
from  a  thinner  into  a  thiclocr  medium,  the  rays  of  heat 
.  are  bent  towards  the  perpendicular  to  the  bounding 
furface;  and  in  pafling  from  a  denfer  into  a  thinner  me- 
dium, they  are  bent  from  that  perpendicular^  (This 
bending,  in  pafling  dirough,  iscalled  refroEim)  Thus 
if  a  ftream  of  heat,  proceeding  from  a  body  A,  fig.  1 9* 
Plate  XVin.  impinges  upon  the  furface  C  D  of  a 
pieee  of  glafs  C  £  D  F,  its  courfe  will  be  bent  into 
the  dire£):ion  BG,  and  in  going  out  of  the  glafs  G, 

•  Sec  the  Phil.  Tranf.  vol.  LXX.  laft  article. 

f  See  Dr.  Martinets  Efiay  on  the  Heating  and  Cooling 

of  Bodies* 

'i- ,  into 
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into  the  air,  k  will  be  bent  into  the  diredion  GI« 
It  follows  from  this,  diat  according  to  the  f^re  of 
die  rcfrading  body,  the  ftream  of  heat  may  be  re- 
fiaded,  either  irregularly^  or  i;i  a  diredlion  paralld 
to  its  incident  dire&ioQ>  or  in  a  divergirtg  dire£lion> 
or,  laftiy,  in  a  converging  diref^ion;  and  in  the 
latter  cafe  the  fmalleft  fpace  into  which  the  refraAed 
rays  are  collefted,  (beyond  which  they  proceed  di^ 
▼crguigly^)  IS  called  iht  focus  of  the  refraded  heat  ; 
aoda thermometer,  iituated  io  thax  places  will, be 
afiefted  more  than  in  any  other  part  of  the  refiafled 
flream* 

If  the  diermometcr  be  placed  out  of  tlie  refledod 
ftream,  but  ycry  near  i:he  focus  either  of  refledtti 
or  of  refiraded  rays»  die  temperature  of  that  ther- 
mometer will  not  thereby  be.raifed^  fcnr.  the  rays  of 
heat  do  not  deviaoe  from  their  diredioa  as  long  as 
they  are  not  oppofed;  .but  if  a  piece  of  wood  or 
metal,  or,  in  ihort,  of  any  irregular  fubftance,  ca*« 
p^bSe  of  ohftruding  the.  pafiage  of  the  heat,  be 
pktced  at  the  focus,  then,  the  above-mendoned 
thermometer  will  be  afFeded  on  the  vicinity  of  that 
ibcusi  for  iit  that  cafe  the  rays  of  heat  are  reiieded 
and  (battered  about.  Hence  alfo  clear  water  placed 
at  the  faid  focus  will  be  heated  either  not  at  all,  or 
,a  vaft  deal  lefs  than  an  opaque  body  *• 

The 
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•*  The  rays  of  light  are  Kkewife  refraded  in  going| 
through  diaphanous  bodies.  But  it  has  been  clearl/ 
proved  by  Dr.  Herfche),  that  the  rays  of  heat  are 
refrafted  difierently  from  the  rays  of  light;  fb  that 
though  they,  are  often  emitted  together,  as  from  the 
fun  or  a  common  fire,  yet  they  feem  to  be  two  dif- 
tina  powers,     i 

If  the  fun's  rays^  AB,  fig.  15-  Plate  XVHI. 
which  come  into  a  dark  room  through  a  bole  at  Ay 
be  receiired  upon  a  triangular  ghfs  prifm  C,  that 
ftream  whicK  confifts  of  the  rays  of  heat  as  well  as 
of  the  rays  of  light,  will  not  only  be  bent. by  the 
prifm,  but  will  be  likewife  diiperfed  into  the  ob* 
long  figure  DF,  which  is  about  as  broad  as  the  hold 
at  A,  and  longer  or  ihorter  in  proportion  to  die 
diftance  from  the  prifm;  for  it  may  be  received 
upon  a  table  or  a  fcreen  fituated  at  any  diftance  from 
the  prifm.  This  oblong  figure  confifts  of  light  and 
heat  difpofed  in  the  following  manner.  From  D  to 
£  the  figure  confifts  of  the  luminous  rays  esdiibiting 
die  vivid  colours  of  the  rain-bow,  with  the  violet 
next  to  D,  and  the  red  next  to  £•  The  rays  which 
produce  the  heat  are  extended  from  D  to  F,  DF 
beihg  to  DE,  as  21  to  12.     Thofe  rays  of  heaC 


cave  and  convex  reflectors,  lenfcs,  prifins,  &c.  are  but 
jQighdy  mentioned  in  this  crfapter ;  for  they  will  be  particii* 
larly  defciibed  in  the  next  Section,  which  treats  of  light, 
and  where  the  different  (hapes  of  bodies  are  more  eflendaOy 
concerned. 

cannot 
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cannot  be  leen,  but  they  are  manifefted  by  the  tber-^ 
mometer ;  for  a  .thermometer  placed  any  where  in 
the  extenfion  DF,  will  be  afFeded  by  the  heat; 
but  it  will  not  be  affeded  equally  in  evciy  part  of 
chat  oblong  figure.  The  greateft  heat  is  at  g,  viz« 
a  little  beyond  the  red  light,  and  where  there  is  no 
light  at  all.  From  that  point  the  heat  d^creafes  both 
ways.  It  appears  therefore  that  the  rays  of  heat  arc 
4nuch  more  extended  by  their  refrangibility  than  thofe 
of  fight;  for  we  find  heat  not  only  with  the  light 
fiom  D  to  E,  hut  alfo  from  E  to  F,  where,  there 
appears  no  light  whatever  ^. 

It  is  owing  to  this  refrangibility  of  the  rays  of 
heat,  that  if  they  be  received  upon  a  convex  glalk 
lens,  they  will  be  coUeded  into  a  narrow  fpace  or 
focusj  at  a  certain  diftance  from  the  lens.  This 
focus  has  all  the  properties  of  the  focus  of  rcflef^ed 
nqrs  of  heat;  which  have  been  concifely  mentioned 
above.  In  fimilar  circumftances  the  rays  of  light 
are  alfo  collefted  into  a  focus  ;  but,  pwing  to  the 
difference  between  the  mean  refrangibility  of  the 
rays  of  light  and  thofe  of  heat,  the  focus  of  heat  is 
a  little  farther  than  the  focus  of  light,  from  the  fur- 
lace  of  the  lens  *. 

The  moft  powerful  efFefts  of  heat  are  produced 

by  fuch  a  focus  of  rcfledled  or  refrafted  heat.   The 

.burning  property  of  convex  lenfes    and  concave 


♦  Dr.  Hcrfchers  Paper  in  the  Philofophical  Tranfadioos, 

voL  for  iSoo,  Part  III.  p.  438. 
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ipeculums^  are  fo  commonly  known>  that  tfaqr 
are  generally  caUed*^«nm^  gi^jB^s.  With  a  dooUe 
convex  lens  of  not  more  than  an  bich  in  diameter^ 
the  beat  of  the  fun's  rays  may  be  coUedcd  fufficient- 
ly  to  fet  fire  to  tinder,  paper,  gun-powder,  wood,  &c. 
but  with  large  lenfes,  on  large  concave  mirrors,  and 
aelearfun,  the  moft  refraftory  metals  are  fpeedily 
fufed. 

Catms  pariiasy  the  (horter  is  the  diftance  of  ^ 
focus  of  the  lens,  or  of  ^  fpeculum,  from  its  furface, 
the  nx>fe  aAivt  its  power  will  be.  Speculunos  have 
been  conftrufted  within  this-  forty  or  fifty  years(> 
having  a  focus  fo  long  as  to  inflame  combuflibles  at 
the  dtflance  of  200  feet  and  upwards*  $  but  we  find 
in  hiftory  a  6w  accounts  of  their  having  afted  at 
much  greater  diflances  f . 

The  mofl  powerful  burning  glaffes  have  been 
made  in  France  and  in  England.    Mr.  Trudaine*^ 


•  BufFon,  of  the  French  Academy,  formed  a  burning 
refledior,  confifting  of  168  fmall  plane  refledors,  which 
were  difpofed  in  a  hollow  fegment  of  a  fphere,  fo  as  all  to 
refled  the  light  and  heat  of  the  fun  to  the  fame  place.  With 
this  inftrument  he  could  fire  wood  at  the  diftance  of  209 
|eet»  Burning  lenfes  have  alfo  been  made  of  two  fliens  of 
glaft,  like  two  watch  glades,  cemented  with  their  edges  tt>« 
wards  csKrh  other  in  ^  proper  frame,  and  enclofmg  fpirit  of 
wine  or  water.  Globular  or  nearly  globular  glafs  decanters, 
filled  with  water,  are  well  known  to  atSl  like  burning  glaffes 
when  expofed  to  the  fun. 

t  See  f  rieflley 'b  Hiftory  of  Vifion,  Light  and  Cdours. 
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lens  in  France  meafured  four  feet  in  diaMeten 
When  its  focus  was  (hortened  by  the  interpofition 
of  a  fmaller  lens,  the  effed  was  prodigioufly  great. 
In  about  a  nninute's  rime  it  not  only  melted  all 
forts  of  metallic  fubftances>  but  it  vitrified  earthen- 
ware>  flate,  pumice  done,  afhes  of  vegetables,  &c. 
It  even  melted  pitch  and  other  refinous  bodies  in 
water. 

Mr.  Parker's  lens  in  London,  which  cbfl:  a  great 
deal  of  trouble,  time,  and  expence,  and  which,  I  am 
tony  to  (zy^  is  no  longer  in  this  country,  was  a  very 
extraordinary  inftrument  of  the  kind.  It  was  a 
double  convex  lens  of  flint  glafs,  j  feet  in  diameter^ 
3  inches  thick  in  the  middle,  and  weigjung  212 
pounds.  When  fet  in  its  frame,  it  exhibited'  a  clear 
fur&ce  of  32  f  inches  in  diameter.  Its  focal diftance 
was  6  feet  and  8  inches;  but  in  performing  ex- 
periments, that  focus  was  generally  (hortened  by 
the  interpofidon  of  a  fecond  and  much  fmaller 
lens. 

Whilft  it  remained  in  London,  this  extraordinary 
burning  glafs  was  ufed  by  various  fcienrific  perfons^ 
for  a  great  number  of  experiments,  the  refults  of 
the  principal  of  which  are  ftated  in  the  following 
table. 


VOL.  III.  X  Subftances 
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Subftariccs  fufcd  by  Mr.  Parker's  lens,  with  their 
weights  and  times  of  fufion. 


Gold,   pure 

Sliver,    do.         -        -        - 

Copper;  do.        -         -         - 

Platina,  do.        -         - 

Nickell      .... 

Bar  iron,  a  cube 

Caft  irdn,  z  cube 

Steel,  a  cube      -      .  - 

Scoria  of  wrought  iron 

Kcarfh       -         -         - 

Cauk,  or  Terra  ponderofa     - 

A  topaz,  or  cryfolitc'    - 

An  onenM  emerald    -      •  - 

Gtyftal  pebble    -        -        . 

Wl;iiji;c  agate        -         -         -' 

Flint,  oriental      -         .         - 

Rough  cornelian 

Jafpcr        -        .        -        - 

Onyx        -        r        -  - 

Garnet       -         -         -  - 
White  rhomboidal  (par 

Zeolites    •        .        .  - 
Rotten  ftone 

Common  flate    ... 

Aibcftos    -         -        -  - 
Common  lime  ftone    - 

Pumice  ftone      -        -  - 

Lava         -        -        -  - 

Volcanic  clay      -         -  . 
Cornifli  Moor  ftone 

The  following  experiments  will  (bew  in  a  moft 

convincing  manner  the  refleftion  of  hcat^  cither 

•^  .  quits 


Weight  in 

Time  in 

gntjnt. 

iecon^* 

ao 

4 

!20 

3 

33 

ao 

lO 

i6 

3 
3 

ID 

12 

ID 

3 

lO 

12 

12 

2 

lO 

3 

10 

7 

3 

2 

7 

45 
I' 

10 

30 

lO 

30 

lO 

75 

lO 

2J 

lO 

20 

lO 
lO 

17 
60 

lO 
lO 

23 

80 

lO 

2 

lO 

10 

lO 

55 

lO 

2+ 

lO 
lO 

7 
60 

lO 

60 
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tjtiitc  independent  of  lights  or  accompanied  i^ich  no 
great  quantity  of  it. 

AB-and  CD,  fig.  17.  Plate  XVIII.  reprefent 
two  concave  meullic  refledors,  about  10  inches,  or 
more,  in  diameter,  and  fituated  facing  each  other  at" 
tbe  diftance  of  about  1 5  feet.  Suppofe  the  focu$ 
of  AB  to  be  at  E,  18  inches  diftant  from  its  fur- 
fice,  as  Aic^  the  focus  of  CD  to  be  at  F,  18  inches 
diftant  frotn  the  furface  CD.  The  operator  maj 
be  enabled  to  fituate  the  fpeculums  exa£bly  facing 
each  other,  by  placing  a  lighted  candle  in  the  focus 
of  one  of  them,  and  then  moving  the  other  until  ^ 
the  refleded  image  of  the  candle  in  the  focus  of 
this  other  is  found  by  trial  (viz.  by  receiving  it  upon 
a  fmall  piece  of  paper)  to*  fall  in  the  dircdion  of  the 
focus  and  -  centre  of  the  firft  fpeculum  •. 

Place  a  piece  of  iron  almoft  red-hot  at  E,  viz.  in 
the  focus  of  the  fpeculum  AB  ;  then  that  part  of 
the  heat,  which,  proceeding  from  the  iron,  falls 
upon  the  fur&ce  AB,  is  refle6ted  by  it  in  a  parallel 
direAion  to  CD,  from  which  it  is  refleded  ^ain 


*  I  have  mentioned  the  above  determinate  dimenfions  of 
the  reflei^rs,  diftance,  &c.  in  order  to  fhew  what  will  an- 
fwer  die  purpofe ;  but  I  need  hardly  ad(^,  that  with  fnialler  or 
larger  fpeculums,  fet  nearer  or  farther  from  each  other,  the 
eSed  mufl  be  proportionately  more  or  lefs  apparent.  It  is 
oof  neceflaiy  that  the  fpeculums  (faould  have  equal  .furfaces, 
or  equal  focal  diftances.  Speculums  of  filvered  brafs,  of 
filvcred  copper,  anfw'er  very  well. 

I  2  convergingly 
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conv^rgingly  to  the  focus  F;  fo  that  if  the  bulb 
of  a  thermometer  be  placed  at  F,  the  temperature 
of  that  thermometer  will  be  raifed.  If  you  put  a 
(heet  of  paper  upon,  6r  in  (hort  fcreen,  either  of 
the  fpeculums,  the  thermometer  will  dcfcend  to  its 
vfual  temperature.  Remove  the  paper,  and  the 
thermometer  will  rife  again. 

If,  inftcad  of  the  thermometer,  you  place  a  fmall 
quantity  of  gun-powdet*  upon  a  piece  of  paper,  or 
upon  any  other  convenient  ftand,  at  the  focus  F ; 
and  inftcad  of  the  piece  of  iron,  you  place  a  burn- 
ing charcoal  at  the  other  focus  E :  then,  if  you 
render  the  charcoal  vividly  red-hot  by  blowing  upon 
it  with  a  pair  of  bellows,  the  gun-pov/der  will  be 
fired  off"  at  F  by  the  reflcfted  heat. 

If,  inftead  of  the  charcoal  and  the  gun-powder, 
you  fituate  a  thermometer  at  F,  and  a  piece  of  ice 
at  E,  the  temperature  of  the  thermometer  will 
thereby  be  lowered.  Cover  the  furface  of  either 
refteftor,  and  the  thermometer  will  rife.  Uncover 
the  refleftor,  and  the  thermometer  will  be  lowered 
again,  &c. 

The  refult  of  this  laft  exj^riment  has  been  fup- 
pofed  to  militate  againft  the  commonly  received 
theory  of  heat,  which  has  been  explained  in  the  pre- 
ceding pages  ;  imagining  that  the  cold  which  pro- 
ceeds from  the  ice  is  reflcfted  by  the  fpeculums  to  the 
thermometer,  and  that,  of  courfe,  cold  is  fomething 
pofitive.     But,  in  my  opinion,  the  true  caufc  of 

the 
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the  phenomenon  is,  that  the  heat  of  the  thermome- 
ter is  reflected  upon  the  ice,  in  the  fame  manner  as  the 
heat  of  the  charcoal,  in  the  preceding  experiment, 
is  refle£tcd  on  the  gun-powder. 

If,  inftead  of  the  thermometer,  a  burning  charcoal 
be  placed  at  F,  no  perfon  will  hefitate  to  fay,  that 
the  heat  of  the  charcoal  is  refleded  upon  the  ice ; 
and  there  is  no  reafoh  whatever' for  concluding  that 
the  fame  thing  does  not  happen  when  the  thermo* 
meter  is  at  F. 

The  heat  of  a  body,  fituated  amongd  other 
bodies,  pafTes  from  the  former  to  the  latter,^  until 
they'  all  acquire  the  fame  temperature,  and  that 
pailage  is  more  expeditious  in  proportion  as  the 
difference  of  temperature  is  greater.  Alfo,  if  the 
colder  bodies  be  not  of  an  equal  temperature,  the 
heat  of  the  firft- mentioned  body  will  efcape  quicker 
from  that  fide  of  it,  which  is  oppofed  to  the  coldcfl: 
of  the  furrounding  bodies  i  and  if  a  fcrccn  be  inter- 
pofed  between  thofc  two  bodies,  then  the  lofs  of 
heat  will  be  Icfs  expeditious.  Now  upon  the  lead 
refleftion,  it  will  appear,  that  the  experiment  with 
the  thermometer  and  the  ice  is  a  fimilar  cafe,  ex- 
cepting  that  the  heat,  or  caloric,  inftead  of  proceed- 
ing  direftly  from  the  former  to  the  latter,  is  reflefted 
and  concentrated  by  the  refledlors. 

The  artificial  produdion  of  cold  is  by  no  means 
fo  pafy  as  the  produftion  of  heat ;  but  it  muft  at 
the  fame  time  be  confcfled,  that  the  former  is  not  fo 
eflentially  neceflary  as  xhe  latter. 

I  j  The 
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.  The  methods  of  clrooling  known,  and  moftly  prac- 
^ticcd  wherever  the  heat  of  the  climate  or  the  habits 
of  life  render  it  defirable,  are,  ift,  by  ventilation  | 
adly,  by  employing  the  natural  temperature  of 
caves,  well^  and  the  like,  when  that  temperature 
is  below  the  temperature  of  the  external  airi 
3dly,  by  evaporation ;  4thly,  by  the  ufe  of  ice, 
where  ice  can  be  had ;  and,  5thly,  by  the  fblution 
of  certain  falts. 

There  is  however  another  operation,  which  pro-* 
duces  cold ;  but  the  difficulty  of  the  performance 
renders  it  impra&icable  in  common  aflrairs.  This 
is  by  the  expanfion  of  compreffcd  air. 

I.  The  cffcAs  of  ventilation  {fuch  as  is  produced 
either  by  means  of  a  judicious  difpofition  of  doors, 
paflages,  &c.  or  by  means  of  fans,  bellows,  and 
ventilators)  are  fo  commonly  known,  that  little  need 
be  faid  concerning  them.  By  ventilation  the  heated 
air  which  furrounds  animal  bodies  is  removed,  and 
the  ferifible  or  infenfible  perfpiration  is  more-cfFec-j 
tually  diffipated ;  hence  a  few  degrees  of  cold  arc 
prodiuced  upon  the  animal  bodies  when  their  tenri- 
pfcrature  is  above  the  aftual  temperature  of  the  air  j 
but  mere  ventilation  produces  no  cfFeft  upon  a  ther- 
mometer, or  upon  a  body  which  is  of  the  fame  tern-* 
perature  with  the  ambient  air. 

II.  In  moft  of  the  warm  countries  it  is  commonly 
praftifcd  to  cool  fruit,  wines,  &c.  by  keeping  theni 
a  certain  time  in  deep  caves,  cellars,  and  wells  j  or 
lo  place  them  in  water  juft  raifcd  from  deep  wells. 

-  This 
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This  method  produces  a  very  moderate  refrigera- 
tion, for  it  has  been  akeady  mentioned  that  the 
temperature  of  thofc  wells,  caves,  &c.  does  not  differ 
much  from  the  mean  temperature  of  the  country. 
Yet  certain  it  is  that  fruit  and  wines  thus  cooled  in 
fummer,  prave  very  pleafant.  But  a  more  e0ential 
benefit  is  derived  from  the  ufc  of  caves  and  deep 
wells  iQ  warm  countries  ; '  which  is,  that  meat,  fifh, 
butter,  and  other  things,  are  preferved  free  from 
corruption  confiderably  longer  in  thofe  places  than 
in  die  open  air  above  ground. 

.III.  The  cooling  by  means  of  evaporation  is 
propordonate  to  ihe  quicknefs  of  the  evaporation : 
therefore  tbofe  fluids,  which  evaporate  quickefl:, 
produce  the  grcateft  refrigeration;  and  whatever 
promotes  the  evaporation,  fuch  as  ventilation,  a  dry 
fUte  of  the  air,  &c.  does  likcwife  increafe  the  refri- 
geration. 

In  warm  climates  the  apartments  of  the  opulent 
are  often  rendered  pleafantly  cool  by  fprinkling 
water  on  the  floors,  on  the  tops  of  the  houfes,  and 
efpecially  upon  the  curtains  of  windows  and  doors ; 
taking  care  to  renew  the  i^rinkling  as  foon  as  the 
former  is  evaporated. 

In  encampments,  in  travelling  through  hot  coun- 
tries,  or  where  no  other  refrigeration  can  be  ufed, 
it  is  generally  praftifed  to  wrap  up  bottles  and  jars 
foil  of  liquor,  in  two  or  three  folds  of  wet  linen, 
and  to  expofe  them  to  a  free  current  of  air,  taking 

14  care 
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care  to  wet  the  linen  coverings  in'  proportion  as  the 
water  evaporates  from  them.  By  this  means  the 
water  or  other  liquor  within  the  bottles^  is  cooled  a 
few  degrees. 

But  the  cold  which  the  evaporation  of  water  pro- 
ducesj  is  inferior  to  that  which  can  be  produced 
by  the  evaporation  of  fpint  of  wine,  and  vaftly  lefs 
than  that  which  the  evaporation  of  ether  produces ; 
ether  being  fo  very  evaporable,  that  were  it  not  for 
the  ufual  prcffure  of  the  atmofphere,  it  would  only 
cxift  in  an  aeriform  (lace ;  and  fuch  is  the  cafe 
under  the  exhaufted  receiver  of  an  air-pump. 

In  order  to  try  the  degree  of  refrigeration  pro- 
duced by  the  evaporation  of  different  fluids^  I  held 
up  a  naked  thermometer,  (viz.  a  thernK>meter  the 
bulb  of  which  was  not  in  contad  with  the  metal 
of  the  fcale)  and  poured  upon  its  bjlb  a  ftream  of 
fome  particular  fluid,  which  iffued  out  of  the  car 
pilhry  aperture  of  a  tubej  taking  care  to  throw  juft 
fluid  enough  to  fupply  the  waftc  by  evaporation. 
By  this  means,  when  the  temperature  of  the  air 
was  64^,  I  found  that  the  evaporation  of  water 
cooled  the  thermometer  8%  viz.  brought  it  down 
to  56'' ;  the  evaporation  of  fpirit  of  wine  cooled  it 
16%  viz.  brought  it  down  to  48°;  and  the  evapo- 
ration of  ether  cooled  it  54%  viz.  brought  it  down 
ro  I  o*' :  but  by  the  ufe  of  the  bcft  purified  ful- 
phuric  ether,  when  the  temperature  of  the  air  was 

about 
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about  56*,    I  brought  the  thermometer  down  to 

Some  years  ago  I  contrived  a  very  fmall  appara- 
tus  for  freezing  a  fmall  quantity-of  water^  viz.  about 
10  grains,  in  tvti:Y  climate.  The  whole  apparatus 
16  conuined  in  a  box  4I  inches  long,  ^  inches 
broad,  and  i  \  deep.  This  apparatus,  and  the 
manner  of  ufing  it,  is  reprefented  in  Plate  XVI IL 
ig.  ao.  EFG  is  a  common  phial  with  a  glafs  flop- 
pie,  and  full  uf  ether;  ED  is  a  glafs  tube  with  a 
capillary  aperture  at  D,  and  having  fome  thread 
wound  round  the  other  extremity  for  the  purpofc 
of  fitting  the  neck  of  the  botde  when  the  experi* 
ment  is  to  be  performed.  ^B  is  z,  glafs  tube  abou( 
4  inches  long,  and  about  one-fifth  of  an  inch  in  dia- 
meter, hermetically  clofed  at  B.  Into  this  tube  a 
flender  wire  H  is  introduced,  the  lower  extremity 
of  which  is  fhaped  into  a  ipiral,  and  ferves  to  draw 
out  the  ice  when  formed.  When  a  little  water,  CB, 
is  put  into  the  tube,  I  hold  the  tube  by  its  upper 
part  with  the  fingers  'of  the  left  hand,  and  keep  it 
continually  but  gently  turning  round  its  axis,  firft 
one  way  and  then  the  other  j  whilft  with  the  right 
band  I  hold  the  phial  in  fuch  a  manner  jls  to  diredl: 


♦  The  cooling  produced  by  the  evaporation  of  other 
llui^  need  not  be  mentioned ;  their  efFe£t  being  generally 
ifitermediate  between  the  effecl  of  water  and  that  of  fpirit 
of  wine.    See  my  Paper  in  the  Philofophical  Tran(adions, 

the 
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the  ftream  of  ether^  which  comes  out  of  the  capillary 
aperture  D,  towards  the  outfide  of  the  tube,  a  littfe 
above  the  furface  of  the  water  within.     The  ftrcara    . 
of  ether  ftiould  be  fuch  as  that  a  drop  of  ether  may 
now  and  thenj  (for  inftance  every  lo  feconds)  fall 
from  the  Onder  part  of  the  thermometer.     By  con^ 
tinuing  this  operation  during  2  or  .3  minutes,  the 
water  CB  will  be  frozen,  and  may  be  drawn  out  of 
the  tube  in  one  hard  lump  of  ice.     When  this  &  . 
done,  the  phial  is  turned  with  its  aperture  upwards^ 
the  fliort  tube  ED  -is  removed,  the  ftopple  is  placed 
in  its  (lead,  and  the  remaining  ether  is  preferved  for 
other  trials. 

If  ether  be  placed  in  an  open  v^ffel,  together  with 
a  thermometer  under  the  receiver  of  an  air-  pump  j 
on  cxhaufting  the  receiver,  a  very  great  degree  of 
cold  will  be  produced.  A  mixture  of  fulphuric  and 
muriatic  ether  will  produce  (by  the  exhauilion)  cold 
enough  to  freeze  quickfilver. 

IV.  The  application  of  ice  to  the  outfide  of 
vcffels  full  of  liquors  or  otjier  fubftances,  is  the 
moft  obvious  way  of  producing,  refrigeration.  But 
ice  cannot  be  procured  in  all  countries ;  and  when 
it  can  be  procured,  which  is  in  the  winter  feafbn,  it 
muft  be  preferved  for  the  fummer,  at  which  tirhc 
it  is  moftly  wanted. 

Ice,  or  fnow,  well  rammed  clofe  together,  is 
J>rcferved  in  rcfervoirs,  or  ice-houjesy  which  arc  ge- 
nerally made  ju(t  below  the  ground  in  fome  (hcltered 
place,  wherein  the  ice  melts  very  gradually.    In 

this 
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this  climate  an  ice  houfe  of  20  feet  in  diameter,  and 
about  20  deep»  properly  filled  with  iee,  will  be  found 
to  contain  fome  of  it  even  after  two  years, 

A  very  remarkable  manufaftory  of  ice  is  pra&ifed 
in  the  Eaft  Indies  at  Allahabad^  Mootegil,  and  Cal- 
cutta, which  places  lie  between  23"  |  and  25*  {  of 
North  latitude.  The  following  is  a  (hort  account 
of  the  procefs,  which  is  dcfcribed  at  large  by  Sir 
Robert  Barker  in  the  65th  volume  of  the  Philo- 
fophical  Tranfadtions. 

Boiled  foft  water  is  poured  into  (hallow  and  po- 
rous pans,  which  are  fituated  towards  the  evening 
in  (hallow  pics,  the  bottoms  of  which  are  ftrewed 
mOx  fugar  canes  or  dried  ftenns  of  corn.  In  the 
courfe  of  the  night,  and  efpecially  towards  the  morn- 
ing, a  cruft  of  ice  is  forn^cd  in  the  pans,  and  is  col- 
lefted  by  the  ice-makers.  This  cruft  of  ice  differs 
in  thickncfs  according  to  the  temperature  of  the  air 
^d  other  circuvnftances  favourable  to  evaporation  5 
for  a  great  part  of  the  efFeA  is  undoubtedly  due  to 
the  evaporation  through  the  pores  of  the  pans,  fincc 
in  thofc  countries  the  thermometer  was  never  ob- 
fcrved  to  fuik  fo  low  as  32''. 

Ice  by  itfclf  cannot  communicate  a  greater  de- 
gree of  cold  than  itfelf  poffeffes ; ,  but  by  the  admix- 
ture of  common  and  other  falts,  or  of  acids,  it  may 
be  caufed  to  produce  a  much  greater  degree  of  re* 
ftigcratiou. 

The  proportion  of  common  fait  and  pounded 
iCT^  or  ^owj  which  produces  the  greateft  cold,  is 

yarioufly 
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varioufly  ftated;  but  3  parts,  by  weight,  of  .com- 
mon fait  to  8  of  ice,  or  i  of  fait  to  2  of  ice,  is  the 
neareft>  and  is  capable  of  lov^'ering  the  thermome- 
ter to  — 4**. 

The  degrees  to  which  the  thermometer  is  brought 
down  by  the  mixture  of  ice  and  other  fubftanccs,  arc 
as  follows^  the  materials  before  the  mixture  being 
at  32«». 

and  nitrous  acid  *       -     -       -       —27' 
and  muriatic  acid  *.    -     -       -       —  2i*. 
6  parts,  and  4  parts  of  diluted 
fulphuric  acid,    viz.    equal 
parts  of  water  and  acid  -    .- 


Snow  or 


pounded \ 


ice. 


24> common  fait  10,  ial  ammo* 
niac  5,  and  nitre  5      -     - 

1 2, '  nitrous  ammoniac  5,  and 
common  fait  5      -       -     • 

2,  and  muriate  of  lime  3  -     - 


— 18\ 

—250^ 
-50-. 


V.  The  refrigeration  which  may  be  produced 
merely  by  the  folution  of  fairs,  is  very  great}  indeed 
as  great  as  may  be  produced  by  any  known  means. 
But  for  the  knowledge  of  its  greateft  efFefts,  we  arc 


♦  The  quantity  of  thofe  acids  cannot  be  ftatcd  with  accu* 
racy,  on  account  of  their  differing  in  ftrength.  In  general, 
about  equal  quantities  of  diluted  acid  and  of  ice  may  be  ufed. 
The  acid,  when  very  ftrong,  may  be  diluted  with  half  its 
weight  of  rain  or  diilillcd  water. 

indcbte?! 
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indebted  to  Mr.  Richard  Walker  of  Oxford ;  for 
what  was  known  before  was,  that^  the  folutipn  of 
nitre  ifl  water  produced  a  degree  of  refrigeration 
fufficiently  uleful  in  Hot  climates ;  which  foludon  has 
long  been  in  ufe,  as  it  is  at  prefent  ufed  in  the  Eaft- 
Indies;  alfo^  that  the  folutition  of  fal  ammoniac 
produced  cold  fufficient  to  lower  the  thermometer 
to  about  32%  the  folucions  of  fome  other  falts  be- 
ifag  knows  to  produce  a  very  few  degrees  of  refri- 
geration ;  whereas .  Mr.  Walker  difcovered  fuch 
ialine  folutions,  and  fuch  modes  of  employing  them, 
as  to  freeze  even  quickfilver  in  the  middle  of 
fummer  *. 

For  this  purpoie  the  folution  of  the  faline  fub- 
ftance  is  made  by  putting  the  proper  quantity  of  fait 
and  of  water  in  an  open  vcffel,  in  the  middle  of 
which  another  veflcl  with  the  wine,  cream,  or  other 
materials  to  be  cooled,  is  Ctuated.-  The  cold  is 
produced  only  whilft  the  fait  is  diflblving;  viz.  the 
caloric  of  the  annexed  bodies  is  abforbed  by  the  fe- 
line fubftance,  whofe  capacity  is  incrcafed  by  its 
being  converted  from  a  folid  into  a  fluid  (late. 

The  cold  produced  is  greater  in  proportion  as  the 
temperature  of  the  materials  was  lower  previous  to 


•  Sc*  his  Papers  in  the  Philofophical  Tranfaflions,  vol. 
for  the  years  1787,  1788, 1789, 1795,  and  for  the  year  180 1; 
or  his  publication,  entitled,  yfn  Acount  cf  thr  Remarkable 
D'ifcoveries  in  the  ProJu^ion  of  Attificial  Cold,     Oxford, 

»796. 
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die  making  of  the  mixture.  Therefore,  when  a  very 
great  degree  of  cold  is  to  be  produced,  viz.  fuch  as  to 
freeze  quickfilver,  then  a  folution  of  falts  in  water 
mud  be  firft  ufed  for  cooling  the  materials  neceliary 
for  a  fecond  mixtre,  which  of  courfe  will  be  able  to 
produce  a  greater  degree  of  cold  i  and  by  the  like 
means  the  materials  for  a  third  mixture  may  be 
copledy  &c. 

The  following  lift  contains  the  moft  powerful 
mixtures  of  falts  and  water,  or  acid,  for  the  pro- 
duftion  of  cold.  The  materials  are  fuppofed  to  be 
at  the  temperature  of  50**  before  the  mixture,  and 
annexed  to  each  mixture  is  the  degree  of  cold  pro- 
ducedf  or  the  degree  to  which  the  thermometer  is 
brought  down.  The  falts  muft  be  powdered  very 
fine,  and  dry ;  but  not  fo  as  to  have  loft  the  water 
of  cryftallization. 

N.  B.  Some  of  the  fubftances  in  the  following 
lift  are  expreffed  by  their  old  names,  they  being  fo 
expreffcd  by  Mr.  Walker ;  but  from  what  has  been 
faid  in  vol.  2,  the  reader  may  eafily  recoUeft,  that 
(al  ammoniac  is  muriate  of  ammoniac,  Glauber  (alt 
is  fulphat  of  foda,  and  vitriolic  acid  is  fuiphuric 
acid. 


Sal 
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*  Sal  ammoniac  5,  nitre  5,  water  16 
Sal  ammoniac  5,   nitre  5,  Glauber's 

ialt  8,  water  16  -        - 

*  Nitrous  ammoniac  i,  water  i  -  - 
Nitrous  ammoniac  I,  falfodae  i,  water  i 
t  Glauber  (alt  3,  diluted  nitrous  acid  2 
Glauber  fait  6^  fal  ammoniac  4,  nitre  2> 

diluted  nitrous  acid  4      -       -       - 
Glauber  f^t-  6y  nitrous  ammoniac  5^ 

diluted  nitrous  acid  4    -       - 
Phofphorated  foda  9,  diluted  nitrous 

acid  4        - 
Phofphorated  foda  9,  nitrous  ammo- 
niac 63  diluted  nitrous  acid  4    -     - 
f  Glauber  fait  8,  marine  acid  5     -     - 
f  Glauber  fait  5,  diluted  vitriolic  acid  4 

*  Muriate  of  lime  5,  water  4  -     -     . 


Cold  produced. 
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•  Thcfc  falts  may  be  recovered  by  evaporation  to  dry- 
nefs,  and  may  be  ufed  again  and  again  repeatedly. 

t  Thefe  iklts  may  be  recovered  by  diftillation  and  cry- 
fiallization. 

X  The  cold  in  thefe  mixtures  may  be  increafed  by  the 
addition  of  fal  ammoniac  and  nitre. 

The  following  extrafts  from  Mr,  Walker's  account  of 
his  Experiments  on  Cold,  may  be  of  ufe  to  the  reader. 

*^  I  have,**  fays  he,  **  frequently  frozen  quickfilver  by 

**  mixing  together  at  c*,  three  drams  of  ground  ice,  vrith    . 

^  two  drams  of  nitrous  acid« 

*<If 
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The  laft-mentioned  method  of  producing  cold, 
IS  by  the  expanfion  of  air.  But  this  method,  which 
is  eftabliflicd  by  a  fufficicnt  variety  of  fads,  has 
not,  however,  been  applied  to  any  ceconomical 
ufes. 

It  has  been  found  that  whenever  air  is  comprefled 
in  any  veffcl,  heat  is  produced,  the  degree  of  which 
is  proportionate  to  the  quicknefs  of  operation  and 
the  quantity  of  compreflion.  On  the  contrary, 
when  air  is  expanded,  a  degree  of  cold  is  produc- 
ed, which  is '  proportionate  to  the  quicknefs  and 
quantity  of  expanGon. 

A  thermometer  placed  under  the  receiver  of  an 
air-pump,  is  lowered  a  few  degrees,  by  expediti* 
oufly  rarefying  the  air  of  the  receiver. 


*«  If  it  be  required  to  make  it  perfeftly  folid  and  hard,  a 
**  mixture  of  equal  parts  of  the  diluted  vitriolic  acid  and 
*«  nitrous  acid  ihould  be  ufed  with  the  powdered  ice;  but 
*«  then  the  materials  (hould  not  be  lefs  than  —  lo®  before 
"  mixing. 

<*  If  a  ftill  greater  cold  be  required  than  a  mixture  of  that 

.  «  kind  can  give,  which  is  about  — 56%  the  diluted  vitriolic 

<*  acid  alone  ihould  be  ufed  with  fnow  or  powdered  ice,  and 

«  the  temperature  at  which  the  materials  are  to  be  mixed 

«  not  lefe  than  — 20^" 

If  Glauber's  fait  be  added  in  cryftals  unpoundcd  to  doublq 
aqua  fortis,  or  diluted  nitrous  acid,  even  at  a  warm  tempera- 
ture, the  cold  produced  will  be  fufficient  to  freeze  water  or 
cream. 

In 
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la  the  iaine  v^el  the  air  may  be  alcemacely  ra- 
leBed  and  condenifed  by  the  u(e  of  li  proper. edgine> 
and  ihe  therjmometer  in  it  will  be  Iqv/cred  in  the 
former  caie>  luid  raifed  in  the  latter  *• 

If  the  comprefled  air  in  the  referVoir  of  an  ait**-, 
guuj  be  ciifchargtd  on  the  bulb  of  i  thermometer, 
the  mercury  in  the  tube  of  the  thermometer  will 
deibend  a  few  degrees  f. 

In  the  -Chemnicehfian  iniiies  in  Hung^ry>  the  air 
in  a  laiige  veflel  is  comprefled  by  a  coliirtih  of  water 
dj6o  feet  high>.when  the:ftop-cock,  wnich^gives  exit 
to  that  air,  is  opened,  the  air  ruihes  out  with  great 
Violence)  and  its  expanlion  produces  i  fufpirinng 
degree  of  cold  s  for  the  dmifture  b  precipitated 
from  it  in  the  form  of  fnow>  and  icicles  ad^eiie  to.d^e 

Aofel  of  the  ftop-Qock  :{:• 

Having  t  dcfcribed  the  diSereot  iheans  of  pro- 
ducing beat  and  cold,  I  fliall  conclude  this  Se£Hon 
iipon  H«at  or  Caloric,  by  brie0y  mentioning  an  in- 
fiance  of  the  infinite  wifdom  of  nature  in  the  appli- 


^  Pbilofophkal  Magazine)  vol.  8>  p.  114; 

t  Sec  Dr.  DarwinV  Paper  in  the  Philolbphical  Tranlac- 
tionS)  vol.  78. 

t  See  the  ^iefcripuon  at  large  of  the  machine,  and  the 
account  of  the  phenomenon  in  the  52d  vol.  of'  the  Philofo* 
phical  T/raniadions. 

VOL.  III.  k  cation 


< 


»30     Of  the  ProiuSHoni  tSc.  of  Heat  W  CM. 

cation  of  proper  means  for  the  prefervatton  of  the 
Mimal  creatbn  in  great  heats  or  colds. 

The  range  of  temperature  in  which  a  human 
being  can  live  with  comfort^  is  trifling  indeed; 
Natives  of  different  climates  can  (ufier  without 
uneafinefs'different^  but  not  very  different^  d^rees 
of  temperature.  In  this  dimate  we  can  live  with 
comfort  between  the  temperatures  of  6o*  and  70% 
viz.  a  range  of  about  lo^*.  When  the  temperature 
of  the  dr  is  below  6o%  mod  people  would  be  ^ad 
to  approach  the  fire ;  above  70%  mod  people  com- 
plain of  the  heat. 

But  nature  has  made  ample  provifion  for  obvi- 
ating the  pernicious  effcdts  of  a  fudden  increalc  of 
great  heat  or  cold.  It  is  a  difpofition  for  generating 
cold  in  the  former,  and  heat  in  the  latter  cafe,  at 
leafl  to  a  certain  degree  and  for  a  certain  time ;  and 
this  is  effeded  by  the  natural  change  of  capacity  in 
(bme  of  the  component  parts  of  the  animal  body ; 
thus,  for  inflance,  when  the  body  is  very  warm, 
its  pedpiration  is  increafed,  and  the  fluid,  which  ^ 
becomes  vapour,  having  its  capacity  for  caloric  in- 
creafed,  contributes  to  cool  the  body ;  and  a  fimilar  • 
effedl  is  produced  by  the  change  of  the  capacity  of 
other  animal  fluids,  &c. 

In  faft,  animals  of  various  fpecies,  and  even  bus- 
man beings,  have  frequendy  been  expofed  to  ex- 
cefl[ive  degrees  of  heat  or  cold  for  a  certain  time, 
without  receiving  any  material  injury  \  and  without 

having 
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having  had  the  natural  temperature  raifcd  or  lowered 
by  more  than  a  very  few  degrees.  Thus  men  have 
been  expofed  to  a  temperature  where  quicklilver 
woald  freeze^  arid  on  the  other  haiidi  to  a  tempera* 
ture  above  that  of  boiling  water  *. 

*  See  the  experiments  in  an  heated  rdom,  in  the  PbiloTo- 
^ical  TranTadions,  voL  for  the  year  1775. 
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S  E  C  T  I  ON     11. 


BLKMENTS    OF  ^OPTICS,    OR    ©F    LIGHT,     COLOURS9 

AND    VISION. 


THE  fubjcd  of  the  prcfcnt  feftion  is  fo  very 
£XtenGve,  that  a  full  inveftigation  of  all  its 
branches,  both  io  theory  and  in  pra£tice^  would  fill 
up  fcveral  fuch  volumes  as  the  prefent.  *  A  ufefiil 
and  competent  explanation  of  its  principles  is  what 
can  be  expelled  in  the  prefent  work }  and  this  we 
fhall  endeavour .  to  render  as  compreHenfive  as  the 
nature  of  the  fubjcft  feems  to  admit  of.     With 
this  objcft  in  view  we  fliall  take  little  notice  of 
what  is  merely  hypothetical  or  controverted;  we 
fhall .  however  refer  the  inquifitive  reader  to  thofe 
works  which  treat  more  at  large  of  thofe  particular 
branches.     With  refpeft  to  the  ufcful  part  of  the  . 
fubjedt,  we  fhall  endeavour  to  explain  the  princi* 
pies  chiefly ;  for  when  thefe  are  well  underftood^  a 
very  moderate  degree  of  ingenuity  on  the  part  of 
the  fludcnt,  will  enable  him  to  apply  them  either 
for  the  explanation  of  new  fafts,  or  for  the  improve-*  ^ 
ment  of  pardcular  branches. 


[    »33    3 
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OF    TfTB   NATURE  OF    LIGHT   IN    GENERAL. 
I 

TH  E  dl^fkrenccM  in  the  day  time^  of  what  we 
pci^eive  when  our  eyes  are  open  and  when  • 
our  eyc^^arc  (hut>  is  produced  by  what  is  called 
iigbt.  Tift  privation  of  lights  as  when  our  eyes  are 
ihut,  is  called  darkn^s.  It  is  this  light  that  infornis 
us  of  .the  prefence  of  objefts  which  are  not  near 
enou^  to  touch  our  bodies^  or  which  do  not  afTedt 
toy  of  our  other  fenfes.  Hence  the  blind  muft 
judge  of  the  prefence  of  particular  objefts,  by  the 
found,  or  by  the  fmell,  or  by  the  touch,  &c.  but 
not  by  the  means  of  light.  In  fhort,  light  does  not 
fenfibly  afieft  any  odier  part  of  our  frames,  Jbeiides 
the  cjts. 

.  We  have  no  certain  knowledge  with  refpeA  to 
die  nature  of  light.  A  variety  of  conjeftures  have 
been  made,  and  a  variety  of  hypothefes  have  been 
ofiercd  concerning  it  -,  but  of  thofe  hypothefes  two 
only  deferve  to  be  mentioned. 

It  was  fuppofed  by  Defcartes,  Huyghens,  and 
others,  that  a  very  fubtile  fluid  is  difperfed  through- 
out, or  fills  up,  the  univerfe;  that  the  luminous 
bodies^  fuch  as  the  fun,  a  candle,  a  fire,  &c.  put 

R  3  chat 
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that  fluids  not  in  a  progreflive,  but  in  a  certain  vi<  ■ 
bratory  motion  ;  and  that  this  motion^  being  com^P 
municatcd  to  the  nerves  of  our  eyes,  renders  the  lu- 
minous bodies  perceptible  to  us;  fomewhat  like 
the  eflFeft  of  a  founding  body  upon  the  air,  which 
puts  the  air  in  a  certain  vibratory  niotiao^  and  this 
motion  being  communicated  to  our  organs  of 
hearing,  excites  in  us  the  feniation  of  found. 

Newton  and  his  followers  fuppofed  that  light  is  a 
real  emanation  from  luminous  bodies ;  ^z.  that  a 
fubtile  fluid,  confifting  of  certain  peculiar  particles 
of  matter,  proceeds  from  the  luminous  bodies,  and 
by  entering  our  eyes,  excites  in  us  the  (enfadon'of 
light,  or  the  perception  of  the  luminous  ol^efts.   . 

A  variety  of  fiifts  and  confiderations  iecfti  to 
place  Newton's  hypothefis  on  a  tefc  of  greateft 
probability. 

Admitting  then  Newton's  hypothefis,  (everal  con- 
fequences,  which  are  naturally  deduced  frorti  it,  dc- 
mahd  a  particular  explanation  ;  viz.  this  emanation, 
this  light,  muft  confid  of  particles ;  thofe  particles 
muft  have  a  very  minute,  but  determined,  fize;  Aey 
muft  be  at  a  certain  diftance  from  each  other,  mv^ 
move  with  a  certain  velocity,  and  muft  have  a  ccr-» 
tain  momentum. 

Several  remarkable  difcovcrics  made  in  aftro- 
nomy  and  in  other  branches  of  natural  philolbphy, 
enable  us  to  determine  the  above-mentioned  fize, 
diftance,  velocity,  &c.  of  the  particles  of  light,  not 
with  abfolute  precifion,  but  within  certain  -limits 
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of  probability.  Previous  to  the  ftatement  of  thofe 
quantidesj  it  iivill  be  nccefiary  briefly  to  mendon  the 
principal  h&%  upon  which  the  detemnlnations  of 
thofe  quantities  are  eftablifhed. 

If  a  faiall  hole  be  made  in  a  fcreen,  and  the  (creen 
be  placed  before  our  eyes,  at  about  the  diftance  of 
5  or  6  feet ;  and  if  a  luminous  body,  for  inftance^ 
a  red-hot  coalj  be  repeatedly  pafled  by  the  hole  on 
the  other  fide  of  the  fcreen^  we  muft  naturally  per* 
ceive  the  hde  luminous  at  intervals.  But  if  the  in- 
terval^ or  the  time  during  which  the  coal  is  not  be- 
fore the  hole,  be  lels  than  the  tenth  part  of  a  fecond^ 
dien  the  hole  will  appear  to  us  conftantly  luminous, 
es(adly  as  if  the  red-hot  coal  were  held  fteadily 
before  it.  This  fiiews  that  the  impreflion  of 
light  upon  our  eyes  continues  a  certain  time,  viz. 
die  appearance  of  an  obje£k  remains  upon  our  eyes 
a  certam  time  after  the  removal  of  the  objeft,  or  after 
the  ceflation  of  the  impreflion. 

It  is  for  this  reafon,  that  if  a  ftick  with  a  lighted 
extremity  be  turned  round  in  a  circle  before  our 
eyes,  and  if  the  rcvoludon  be  quick  enough,  we 
perceive  not  a  fucceflion  of  light  along  the  circum- 
ference of  the  circle,  but  we  imagine  to  fee  an  un- 
intemipted  circle  of  light. 

Now  it  mud  be  remarked,  that  the  duration  of 
die  impreflion  of  light  upon  our  eyes,  is  longer  or 
ihorter,  according  as  the  objeft  is  more  or  leis  lu- 
minous, viz.  according  as  the  impreflion  is  ftronger 
or  weaker  i  hence,  if  the  above-mentioned  expert- 

K  4  ment 
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ment  be  performed  with  a  flick  whofe  extremity  U 
barely  red-hot,  the  revolution  .mud  be  m^e 
quicker ;  but  if  diat  extremity  be  very  vivid,  thca 
the  revolution  needs  not  be  fo  quickj  in  order  td 
r.eprefent  an  uninterrupted  circle. 

Thp  impreffion  is  fometimes  fo  (bong,  that  the 
eye  does  iiot  eafily  recover  its  tranquillity^  evei^ 
after  fever^l  ipinutes }  and  the  very  fbape  of  the  ki« 
minou3  pbje<%  remains  a  certain  time  in  it.  ThuSt 
after  having  looked  for  a  (bort  dme  at  the  fun,  or  at 
the  bright  fire  of  a  large  furnace,  the  eye  remwi9 
dazzled,  fo  as  to  render  the  appearance  of  other  obi 
jedts  defective  or  confufed  for  a  very  confKkrable 
time. 

It.  has  been  obferved  by  aftronomers,  chat  the 
eclipfes  of  the  fatellites  of  the  planet  of  Jupiter,  ap- 
pear to  take  place  fooner  than  the  time  determined 
by  the  tables  of  th^ir  motion,  when  that  planet  is 
nearer  to  us>  and  that  thole  eclipfes  appear  to  take 
place  later  when  that  planet  is  farther  from  us. 
Hence  it  is  conjectured,  that  light  moves  pro- 
greflively  and  equably,  viz.  that  it  employs  a 
certiun  time  in  percurring  a  certain  fpace  i  and 
this  conjedure  is  corroborated  by  other  aftrono- 
mical  obfcrvations,  which,  as  well  as  the  above- 
mentioned  appearance  of  the  fatelUtes  of  Jupiter, 
will  be  explained  in  a  fubfequent  part  of  thefe 
elements.  But  we  mud  not  omic  to  mention  in  this 
place,  that  from  the  difference  between  the  neareft 
and  fartheii:  diftances  of  Jupiter  from  \^^  and  from 
the  difference  of  time  between  the  apparent  and  the 
^^  tabular 
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tabular  tifnes  oftiic  ectipies  of  its  fatellites  at  thofe 
two  ftations  of  the  planet ;  it  has  been  compuced 
tliar  light  moves^  at  the  aftonifhing  rate  of,  at  leafl:, 
164000  miles  per  fecond^  or,  we  may  fa^r,  170000 
^  per  feoood  ^  ~fd  that  in  moving. from  die  fun  to  u$, 
light  omptoys  about  8i  minutes;  whereas,  if  a 
rannon  ball  could  continue  to  move  with  the  fame 
vek>cicy  with  which  it  firft  comes  out  of  die  can- 
jDon,  (viz.  at  the  rate  of  about' one-eighth  part  of  a 
mile  per  iecond)  it  would  emj^oy  32  years  in  going 
fiom  At  earth  to  the  fun. 

If  a  fmall  hole  be  made  in  a  fcreen,  and  feveral 
perfons  be  (ituated  on  one  fide  of  the  fcreen,  every 
one  of  them  looking  through  the  hole  at  a  different 
ol^ed  placed  on  the  other  fide  of  the  fcreen ;  it  is 
jtvident  that  the  various  flreams  of  light  from  thofe 
obgeifts  to  the  eyes  of  the  obfervers,  muft  pa(s 
through  tbe  fame  fmall  hole  in  different  direftions^ 
and  inthout  difturbing  each  other,  at  leafl  in  any 
obfervable  degree.  This  fhews  thac  the  parricles  of 
light  muit  be  fo  very  fmall  and  fo  diftant  from  each 
pther>  as  hot  fenfibly  to  obftrufb  each  others  paflage 
through  a  very  narrow  fpace. 

From  fome  impcrfcfl  experiments  made  by 
dirowing  the  focus  of  a  concave  mirror  on  the  extre- 
mity of  a  very  delicate  beam  nicely  fufpended,  by 
which  means  a  flight  motion  was  given  to  the  beam, 
it  was  deduced  that  the  light  thus  coUedled,  had  a 
fenfible  momenmm.  Now,  from  the  weight  of  the 
|^am>  and  from  the  motion  which  was  communi- 
cated 
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cated  to  it  by  the  impulfe  of  light  (if  that  was  die 
real  caufc  of  its  motional  alfo  from  the  above* 
mentioned  velocity  of  ligh^  it  was  calculated*^  that 
the  matter  contained  in  the  b'ght  which  was  thrown 
upon  the  end  of  the  abQve-mentioned  beam  durii^ 
One  fecond  of  tioicj  and  which  was  colleded  frpm 
a  refleding  furface  of  about  4fquare  feet,  amounted 
to  no  more  than  one  twelve  hundred  millionth  part 
ofagrainf. 

N0W4  from  the  above-mentioned  fafts^  as  alio 
from  the  common,  obvious,  and  daily  experience^ 
we  may  draw  the  following  conclufions : 

X.  Since  every  phyiical  point  of  a  luminous  objeft 
may  be  fcen  from  every  point  of  an  immenfe  fphe* 
rical  fpace  which  furrounds  it,  when  no  opaque  body 
interferesj  it  follows,  that  the  ftreams  of  light  which 
proceed  from  all  the  points  of  vifible  objedts,  and 
move  in  all  nunncrofdireftions,  is  paft  all  coacep* 
tlon.  If  this  be  alledged  as  an  objedion  to  New- 
ton's theory,  the  Icaft  reflcftion  will  flicw,  that  it 
offers  an  objeftion  equally  great,  if  not  greater,  to 
the  other  hypothefis.  But  the  following  confident- 
trons  will  fmooth  the  difficulty  widi  refpeft  to 
Newton's  hypothefis. 

2.  It  has  been  fiiewn  above,  that  the  impreffion 


*  See  the  manner  of  making  fuch  computations  in  the 
firft  volume  of  thefe  Elements*  Chap.  IV. 

f  Prieniey's  Hiftory  of  Difcoveries  on  Light,  Vifion,  &c. 
Period  VI.  Sea.  I.  Chap.  III. 
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of  light  rertiain6  a  certain  time  upon  our  eyes,  and 
(in  the  cafe  of  the  red-hot  charcoal)  it  has  been 
fhcwn  to  remain  about  one-tenth  part  of  a  fecond  % 
but  fi^^fe  it  to  remsun  only  during  the  loodth 
part  of  9  ieicond ;  then  it  is  evident^  that  if  150 
pardcles  cf  li^t  be  emitted  from  a  fingk  point  of  a 
luminous  hodj,  as  from  apoint  of  the  furface  of  the 
fun ;  tbofe  particles  will  be  mote  than  fufficient  to 
give  our  eyes  an  uninterrupted  vifion  of  that  point ; 
yet  ftill  thofe  particles,  on  account  of  their  immenfe 
velocity,  may  be  more  than  looo  miles  diftant 
from  one  another,  and  of  courfe  le^e  room  enough 
for  millions  of  other  particles  to  pa(s  in  all  di- 
redions  *• 

j«  The  wafte  of  the  matter  of  a  luminous  body« 
arifing  from  the  emifnon  of  light,  confldering  the 
minmenefs  of  its  particles,  is  very  trifling,  even 
vidi  refped  to  the  fun,  which  has  been  the  great 
fountain  of  light  during  fo  many  centuries.  Dr. 
Prieftley,  after  having  related  the  experiment  which 
we  have  defcribed  in  page  137,  viz.  where  the  focus 
of  a  rtfle6)x>r  was  thrown  upon  the  arm  of  9  flight 
beam,  thus  reafbns  upon  it.  "  Now,"  lays  he,  ^*  the 
''  light  in  the  above  experiment  was  collefted  from 
a  furface  of  about  4  fquare  feet,  which  refledling 
only  about  half  what  falls  upon  it,  the  quantity 
'*  of  matter  contained  in  the  rays  of  the  fun,  inci- 


<c 


*  See  Mr.  Canton's  Computation  in  the  Philolbphical 
Jrajifadions,  vol.  58,  p.  344. 

*'  dent 


140  X)f  light  in  iBner'd. 

^  dent  upon  a  iquare  foot  and  half  of  A)r&ce>  in.obe 
•«  fecond  of  time,  ought  to  be  no  more  than  tbe 
««  twelve  hundred.  nniUionth .  part  of  a  grain.  But 
^  the  d^uy  of  light  at  the  fur&ce  of  the  fim  is 
/<<  greater  tban  at  the  earthy  in  the  piPoportton  pf 
««  45000  to  I  * ;  there  oiight^  therefoir,  ta  iflbe 
««  from  one  Iquare  foot  of  the  fun's  furface  m  one 
<<  fecond  of  tittiCy  b  order  to  fupply  the  waflic  by 
«<  lighlt^  one-forty  diouCnidth  part  of-  a  grain  of 
^  matter,  that  is^  a  little  more  than  two  grains  m  a 
^'  day>  or  about  4752000  grains,  which  k  about 
**  670  pounds  avoirdupois,  in  6000.  years  J^" 

4^  On  account  of  the  motion  of  light,  it  is  elfident 
that  if  a  luminous  body  were  fuddenly  placed  in  the 
heavens,  ar,  for  inftance,  the  fame  diftance  that  the 
fun  is  from  us,  we  could  not  poffibly  fee  it  before 
the  lapfe  of  8  i  minutes.  Alfo,  when  we  behold  a 
celeftial  objedt,  we  do  not  fee  it  exadUy  in  the  phce 
where* it  actually  (lands  3  but  we  fee  it  in  the  place 
where  it  ftood  fome  time  before. 

5.  Light  moves  in  ftraight  lines  as  long  as  it  goes 
through  the  lame  uniform  fubftance,  or  through  a  • 
vacuum. 

6.  If  we  dired  our  eyes  towards  certain  poliihed 
furfaces,  we  frequently  fee  in  them  the  appearances 
of  objects  which  are  fituated  in  places  quite  different 

*  See  the  id  vol.  of  thefe  Elements,  p.  62. 
f  Hift.  of  Difc.  on  y ifioi),  Light,  and  Colours,  p.  390. 
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from  thofe  in  vi^hich  we  fee  them.    Thus  an  eye 
at  C,  fig.  14.  Plate  XVIII.  direded  towards  the 
flat  and  ix)linied   furface^.  of  which   A  B   is  the  ^ 
ieftion,  will  perceive  the    exaft  figure,  colour, 
&c  of  a  body '  which  aftually  ftands  at  D ;   bu£ 
which    wiU  appear   as   if  it   ftood  at  E;    it  is 
therefore,  evident  (hat  the  light  'which  proceeds 
irotn  D,  falb  upon  the  furface  A  B,  and  thence  it 
comes  in  another  direi^ion,  FC,  to  the  eye  at  C« 
Now  the  fur&ce  A  B,  which  tlius  fends  the  light 
back,  is  called  the  refieffingjurface  or  mirrour,  be 
its  figure  flat  or  otherwife  ftaped.    The  fight  thus 
lent  back,  iriz.  FC,  is  called  the  refleSed  lights 
ii^bereaa.  the  light  firom  the  objcd  D  to  the  refledling 
furfiure,  is  called  the  incident  light.     The  ang^ 
wiuch  the  incident  light  makes  with  the  perpendicu- 
lar to  the  reflefting  furface  at  the  point  of  inci- 
dence, viz.  the  angle  D  F  G,  is  called  the  -cngle  of 
incidence.     The  angle,    which  .  the  reflefted  light 
makes  with  the  fame  perpendicular,  viz.  the  angle 
CFG,  is  .called  the  angle  of  refleSlion.    But  fome 
authors  call  the  angle  D"F  A  the  angle  of  incidence, 
and  the  angle  C  F  B  the  angle  of  reflection. 

7.  In  pafling  from  one  body  into  anotlicr,  or 

from  a  vacuum  into  any  fubftance,  and  z-lce  vcr/a^ 

light  is  often  bent  in  its  diredtion.     That  bending  is 

>€alled  refra^ion  of  light.     Thus,  -if  a  lighted  candle 

G,  fig.  I.    I^late  XIX,  be  placed  on  the  fide  of 

a  ve&l  full  of  water,   ABDC,   fo  as  to  cad  a 

.  jhadow  of  the  fide  of  the  vefTel  upon  the  bottom, 

the  edge  of  the  fl»dow  does  not  come  to  £,  io  as 

(o 
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OF  the  niys  of  light  which  proceed  frpm  a  lo- 
niinous  body  ^,  thofe  which  £&]L  uppn  the 
fur(aces  of  almoft  all  bodies^  whether  tranipaitnt  or 
opaque^  folid  or  fluids  are  more  or  lefs^  but  never 
entirely^  refiefted  f.  • 

WJicrt 
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^  A  luminous  body,  in  this  place^  means  any  vilitrfe 
objea,  whether  it  be  vifible  by  the  emiffion  of  original  light, 
like  the  fun,  a  candle,  &c.  or  by  refleded  lights  like  the 
moon)  a  tree  in  the  day  time,  &c. 

'  t  Of  the  light  which  falls  upon  the  furface  of  mercury^ 
not  above  three  quarters  are  re(Ic£led ;  and  probably  there 
is  no  fubdance  which  refle£l$  light  fo  well  as  mercury. 

The  quantity  of  light  which  is  reflenSed  from  a  given  flat « 
furface,  varies  with  the  angle  of  incidence ;  and  a  greater 
quantity  of  light  is  refleded  when  the  angle  of  incidence  ii 
great,  than  when  it  is  finall.  Thus  of  the  light  of  the  fun^ 
which  falls  upon  the  furface  of  fmooth  water,  a  greater 
quantity  is  reflefled  foon  after  fun-rife,  or  before  fun-fetting^ 
dian  at  noon.  But  the  increafc  of  reflected  light,  with  the 
increafe  of  the  angle  of  incidence,  is  not  equally  regular 

with 
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When  the  rcfle6ling  furface  is  flat,  or  of^  a  regu- 
lar figure,  then*  the  dircdion  of  the  refledlcd  rays 
may  be  traced  by  the  method  ^hich  will  be  cx- 
.  plained  in  the  fequel ;  but  when  the  refledling  fur- 
face  is  irregular,  then  the  light  is  fcattered  in  va- 
rious and  uncertain  dircflions. 

The  rays,  which  proceeding  from  any  fingle  lumi- 
nous point  of  an  objeft,  fall  upon  a  given  refledling 
furface  (or  upon  any  furface)  are  innumerable  s 
fince  Ae  reflefted  appearance  of  that  point  may  be 
fccn- by  innumerable  fpeftators  placed  in  different 
fituations,  and  directing  their  eyes  towards  the  re- 
fleding  fiirface.  Thus  the  luminous  objedt  C, 
fig.  2.  Plate  XIX.,  fends  out  rays  of  light  fphcri- 
cally,  or  in  all  dircftions.  Of  thofe  rays  the  portion 
CAB  falls  upon  a  plane  reflefting  furface,  of 
which  A  B  reprefents  the  feftion  j  and  are  thence 
rcflcfted  to  the  places  D,  K,  L,  M,  &c. 

It  is  evident  that  thofe  rays  fall  upon  the  furface 
A  B,  with  different  angles  of  incidence  j  but  if  you 
examine  any  one  of  thofe  rays  and  its  refleftion,  you 
win  find  that  the  angle  of  incidence  is  conftantly 


irith  all  forts  of  refl'efting  fubftances.  Bouguer's  Traiti 
i*Oftiqu€. 

This  fccms  confonant  with  the  Newtonian  theory  of 
light,  Tiz.  that  light  is  an  emanation,  and  falls  upon  bodies 
with  a  momentum;  fmce  an  oblique  impulfc  i^  moreeafily 
reflcAed  than  a  dircft  one,  &c.  See  the  firft  volume  of  this 
work. 

VOL.  III.  L  f qual 
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,  ^qual  to  the  angle  of  rcfleftion  j  and  this  i^  a  fan- 

damental  law  in  catoptrics  ;  viz..  the  angle  CO^ 

•   is  equal  to  the  «nglc  HOD;   C  I  G  is  equal  to 

GIL,  CENiscqualtoNEM,  andfoon;  OH, 

I  G,  EN,  being  perpendiculars  to  the  furfece. 

Another  invariable  law  is,  that  the  angle  of  inci- 
dence and  that  of  re  fl  eft  ion  of  the  fame  ray,  lay  in 
one  and  the' fame  plain,  which  is  perpendicular  to 
the  reflefting  furf<ice.  The  ray  which  falls  per^ 
pendicularly  upon  a  reflefting  furface,  (like  C  A)  is 
refleded  back  along  the  fame  line,  for  in  that  cafe 
the  angle  with  the  perpendicular  vanifhes. 

It  is  evident  that  the  rays  of  light  which  come 
from  a  luminous  point,  mull  fall  divergingly  upon 
any  given  furface  j  yet  when  the  objcft  is  vaftly 
diftant,  the  divergency  of  the  rays  becomes  infenfi- 
ble  i  and,  in  that  cafe,  they  are  called  parallel  raySm 
Thus  the  rays  of  the  fun,  of  the  moon,  of  the  ftars, 
&c.  are  reckoned  parallel  rays.  When  the  lumi- 
nous point  is  prctry  near,  tlien  the  rays  are  fenfibly 
diverging.  The  rays  which  come  from  different 
points  of  the  objeft  to  one  point  of  a  furface,  arc 
evidently  converging  rays. 

In  tlie  following  pages  we  fhall  take  notice  not  of 
all,  but  of  a  few  only  of,  the  rays  which  proceed 
from  certain  luminous  points  of  objefts;  it  being 
evident  that  the  intermediate  or  adjoining  rays,  arc 
moftly  regulated  by  fimilar  laws. 

When  .\n  eye,  as  E,  fig.  3.  Plate  XIX.  views 
an  ol)ieci  as  CD,  or  AB,  directly,  fome  of  the  rays, 
which  proceed  from  every  perceivable  point  of  the 

ob  J  e  &^ 
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objcft,  enter  the  eye,  and  the  whole  quantity  of 
light  which  thus  enters  the  eye,  is  circumfcribed 
by  the  rays  which  proceed  from  the  extreme  points 
of  the  objeft,  viz.  CE  and'DE>  or  A E  and  BE. 
The  angle  which  thofe  extreme  rays  form  at  the 
eye,  viz.  the  angle  C  E  D,  or  A  E  B,  is  called  the 
vijual  angle,  and  it  is  from  the  (ize  of  that  angle^ 
that  we  principally  judge  of  the  diftance  of  a  known 
obje£fc.  Thus,  fuppofing  that  the  obje&s  CD  and 
AB  are  equal,  or  that  they  rcprefent  tl^e  very  fame 
objcft  fucceffively  fituated  at  different  diftances  i.  it 
is  evident  that  the  farther  the  objcdt  isfrom  the  eye, 
the  fmaller  will  the  vifual  angle  be. 

It  muft  likewifc  be  obferved  that,  the  diftance 
between  the  eye  and  the  objeft  remaining  the  fame, 
if  by  any  means  the  rays  of  light  are  bent  fo  as  to 
enlarge  the  vifual  angle,  then  the  objcft  will  appear 
larger  (or  it  is  faid  to  be  magnified)  ;  and  on  the 
contrary,  if  the  vifual  angle  be  diminifhed,  then  the 
objeA  will  appear  fmaller,  in  which  cafe  it  i3  faid  to 
be  diminifhed. 

Now  thefc  particulars,  which  have  been  mention-^ 
cd  with  refpcft  to  the  above  direft  view,  are  likewifc 
true  with  refpedt  to  the  view  reflefted  by  any  regu- 
lar reflc6ting  furface. 

Let  OM,  fig.  4.  Plate  XIX.  be  a  flat  refleft- 
ing  furface,  F  an  eye  diredted  towards  it,  and  AB 
an  objed:  placed  before  it.  Draw  the  extreme  rays 
AD,  BG,  which,  forming  their  angles  of  inci4ence 
<rqual  to  their  rcfpeftive  angles  of  reflcftion,  may 
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cotne  to  the  eye  at  F  *  i  and  the  objedk  will  appear 
as  if  it  ftood  at  I  K,  viz.  as  far  behind  the  refle6ling 
furface  as  it  aftually  (lands  before  it  5  or  it  will  ap- 
pear as  it  would  by  direft  view  to  an  eye  at  C,  viz. 
an  eye  fituated  as  far  as  to  make  the  diftance  C  D 
equal  to  DF ;  which  is  owing  to  the  lines  DC,  GC 
forming  an  angle  at  C  equal  to  the  angle  formed  by 
*  the  lines  D  F,  G  F  at  F.  That  thofe  angles  are 
?qual  is  eafily  proved  by  drawing  the  perpendicubrs 
IE  and  LN  to  the  reflefting  furface ;  for  tlic 
angle  of  incidence  AD  I  is  equal  to  the  angle  of 
refleftion  IDF,  and  equal  to  the  angle  E D C f  j 
therefore  the  angle  IDF  is  equal  to  EDC,  and  the 
angle  FDG  equal  to  C  DG,  fince  the  whole  angle 
IDG  is  equal  to  the  whole  angle  EDGj  each 
being  a  right  angle.  By  the  like ,  reafoning  it  will 
appear  that  the  angle  F  G  D  is  equal  to  the  angle 
CGDj  whence  it  follows,  that  the  triangles  DGC 
and  D  G  F,  liaving  two  angles  of  the  one  equal  to 
two  angles  of  the  other,  and  a  correfpondent  fide, 
viz.  D  G,  common,  are  equal  in  twcry  relpedt  J  ; 

*  It  is  ufelefs  to  take  notice  of  thofe  rays,  which,  coming 
from  the  fame  points  A  and  B,  fall  upon  the  reft  of  the  rc- 
flcding  furface,  becaufe  thofe  rays  cannot  be  reflefted  to  the 
eye.  The  rays  which  come  from  other  points  of  the  objed 
between  A  and  B,  and  fall  upon  the  furfecc  D  G,  are  all 
included  between  the  extreme  rays  AD,  D  F,  and  B  Gy 
GF. 

f  Euclid's  Elem.  B.  I.  Prop.  15. 

X  Euclid's  Elem*  B.  I.  Prop.  26. 

VIZ. 


OUop/rics^  or  of  RefleSed  Ugbt.  149    ' 

viz.  D  C  is  equal  to  D  F  3  the  angle  at  C  equal  to 
the  angle  at  F,  &c. 

It  is  to  be  obferved,  ,however,  that  an  objeft 
viewed  by  reflctftion  from  a  flat  furface,  as  by  an  eye 
at  F,  does  not  appear  fo  bright  as  if  it  were  viewed 
froihC  by  a  dire£t  view,  becaiife  feme  light  is  loft  bjf 
the  reflections  even  from  the  beft  refleftingiurface; 
which  is  owing  to  the  pores,  irregularities,  &c.  of 
thofc  furfaces.  .  What  has  been  faid  of  the  inclina- 
don  of  th^  extreme  rays  A*D  and  B  G,  is  evidently 
applicable  to  all  other  rays  incident  upon  a  plane 
refle^fting  furface,  viz.  that  on  account  of  the  per* 
pcndiculars  I  £»  L  N,  &c.  being  parallel  to  each  ^ 
ocher,  the  incident  rays  will  be  refleAed  with  the 
fame  inclination  to  each  other  as  they  had  before 
their  incidence  on  the  furface,  viz.  they  will  be 
parallel  after  refleftion,  if  they  were  parallel  before ; 
and  they  will  be  diverging  or  converging  after  re- 
fledtion,  according  as  they  were  diverging  or  con« 
verging  before,  and  at  the  fame  angle. 

The  rcflcftions  from  concave  or  convex  refle<5ling 
furfaces,  produce  very  different  effefts,  becaufe  the 
perpendiculars  to  the  different  points  of  a  curve 
iurface  are  not  parallel  to  each  other.  Thus,  fup« 
po(e  that  two  parallel  rays,  as  A  B,  C  P,  fig.  5. 
Plate  XIX.  fall  upon  a  fpherical  convex  furface 
HI ;  draw  the  perpendiculars  to  the  furface  at  the 
points  of  incidence  B,  D,  and  thofe  perpendiculars 

t3  (EB, 
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(EB,  FD*)  muft  diverge  from  each  other,  and  of 
courfe  the  reflcfted  rays,  K  B,  LD,  muft  likewife 
diverge  from  each  other ;  for  if  a  line  at  D,  viz. 
M  D,  were  parallel  to  EB,  then  the  reflefted  ray 
ND  would  be  parallel  to  the  rcfleftcd  ray  KB;  and 
therefore  the  real  reflefted  ray  D  L,  diverging  from 
P  N,  muft  alfo  diverge  from  K  B. 

A  fimilar  reafoning*  applied 'to  the  refleflion  of 
.  incident  parallel  rays,  from  a  fpherical  concave  fur- 
face,  will  prove  that  they  muft  be  reflected  con- 
vergingly.  Thus  the  parallel  rays  A  B,  C  D,  fig.  6» 
Plate?  XIX.  are  refleftcd  in  a  converging  manner 
from  the  concave  furface  H  BDI  j  in  confequence 
of  which  they  muft  meet  in  fomc  point  where  they 
crofs  each  other,  after  which  they  proceed  di verg- 
ingly, like  the  refleded  rays  B  F,  D  F,  which  naect 
at  F,  crofs  each  other,  &c. 

This  explanation,  which  we  have  applied  to 
parallel  rays  only,  may  be  eafily  extended  to  all 
forts  of  incident  rays,  viz.  to  thofe  which  come  di- 
vergingly  as  well  4s  convergingly  s  the  general  law 
being  as  follows :  ' 

All  forts  of  rays  of  light,  viz.  whether  parallel, 
diverging,  or  converging,  which  fall  upon  a  fphe- 

•  The  perpendicular  to  a  curve  furface  at  any  point,  is 
perpendicular  to  a  plain  furface  touching  the  curve  furface 
at  that  point.  The  perpendiculars  to  any  points  of  a  fpherical 
concave  or  convex  furface,  do  all  meet  at  the  centre  of  fphe- 
ricity,  viz.  of  the  fphcre  of  which  the  given  furface  is  a 
portion. 

rically 
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rically  convex  furface,    ^re    reflefted  in  a  more, 
diverging  manner,    viz.   the    refledcd    rays   pro- 
ceed lefs  inclined  to  each  other  than  the  incident 
rays. 

All  forts  of  rays,  which  fall  upon  a  fpherically 
concave  reflefting  furface,  are  reflefted  more  con- 
vcrgingly,  or  lefs  divergingly,  viz.  the  reflcdled 
rays  Mrill  be  more  inclined  to  each  other'  than 
the  incident  rays.  But  when  the  reflefteid  rays  meet 
and  crofs  each  other,  then  beyond  that  point  or  focus 
they  proceed  divergingly. 

Now  it  has  been  faid  in  page  147,  that  if  the  angle, 
which  the  rays,  that  proceed  from  the  extreme  points 
of  an  objeft,  form  at  the  eye,  is  by  any  means  di- 
minifhed^  that  objeft  will  appear  fmaller,  and  vice' 
V€rja\  therefore  it  follows,  that  anobjeft  fceri  by 
FcflefHon  from   a  convex   furface,    muft    appear 
fmaller  than  if  it  were  reflefted  from  a  flat  furface, 
Alfo,  that  an  objeft  feen  by  refledtion  from  a  con- 
cave furface,  muft  appear  larger  than  if  it  were  rc- 
flcfted  from  a  flat  furface,  to  an  eye  fituated  nearer 
to  the  reflefting  furface  than  the  focus  of  the  re- 
fleded  rays  j  but  it  will  appear  fmaller  and  inverted 
to  an  eye  fituated  farther  than  that  focus ;  fof  as  the 
rays  crofs  -  each  other  at  the  focus,  the  upper  ray, 
B  F,    fig.  6.  will  become  the  lower  F  G  beyond 
the  focus  F,  and  the  lower  D  F  will  become  the 
upper  FK. 

All  the  properties  of  reflcvfling  fpherical  furfaces 
depend  upon  the  foregoing  laws  5  and  if  the  reader 

L  4  wilh 
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wifh  to  exhibit  them  upon  paper,-  for  the  fake  of 
illuftration,  he  may  eafily  perform  the  neceflary 
operatious,  viz,  he  muft  firft  of  all  draw  the  curve 
•  line  which  exhibits  a  fcftion  of  the  reflefting  furfacej 
fecondly,  he  draws  the  incident  rays,  whether  con- 
verging, parallel,  or  diverging ;  thirdly,  he  de- 
fcribes  the  perpendiculars  at  the  various  points  of 
incidence  s  and  laftly,  he  draws  the  reflefted  rays, 
always  making  th^  angle  of  refleftion  equal  to  the 
angle  of  incidence.  I  fhall  therefore  enumerate  the 
properties  of  the  fpherically  concave  and  convex 
reflefting  furfaces,  without  any  farther'  explanation 
of  thofe  properties ;  but  previous  to  this  it  will  be 
proper  briefly  to  remove  a-  difficulty  which  frc-^ 
quently  occurs  to  the  learners  of  optics. 

In  fpeaking  of  parallel  rays,  it  is  not  to  be  ima« 
gined,  that  all  the  rays  which  come  from  all  the 
points  of  an  objeft,  and  fall  upon  the  eye  or  upon 
any  reflefting  furface,  are  parallel  to  each  other; 
but  it  muft  be  underftood  of  thofe  rays  only  which 
proceed  from  one  phyfical  point.  For  inftance,  let 
us  examine  the  rays  which  come  from  three  points 
only  of  the  fun,  and  which  enter  the  pupil  of  an 
eye.  See  fig.  7.  Plate  XIX.  The  rays  which 
proceed  from  the  point  A,  in  truth  form  a  cone, 
the  bafe  of  which  is  the  pupil  of  the  eye  at  D  j  and 
its  hQ.ight  is  from  us  to  the  fun  ^  hence,  the  various 
rays  which  form  that  cone  are  faid  to  be  paralfcl, 
becaufe  their  inclination  to  each  other  is  infcnfible  i 
and  the  fame  thing  muft  be  underftood  of  the  rays 

which 
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which  proceed  from  the  point  B,  or  from  the  point 
C;.buc  if  we  take  a  ray  from  the  point  A,  and 
another  from  the  point  C,  jthcn  thofe  rays  form  a 
fenfible  angle  at  the  eye;  and  it  Is  from  this  angk 
ADC  that  we  judge  of  the  apparent  fize  of  the  funj 
The  meafure  of  that  angle  is  about  32  minutes. 

This  figure  likcwife  (hews,  that  the  larger  the 
pupil  isj  the  brighter  will  the  objedb  appear  \  becaufe 
the  larger  the  pupil  is,  the  greater  number  of  rays 
it  will  receive  from  any  fingle  point  of  the  objeft. 

Since  in  nature  an  objedr  which  is  near  appears 
larger  and  brighter  than  a  flmilar  objeft  fituated 
farther  from  the  obfcrver  j  therefore,  whenever  the 
appearance  of  a  given  objedt  is  rendered  larger  and 
brighter,  we  always  imagine  that  the  objeft  is  nearer 
to  us  than  it  realty  is. 

Of  a  Spherical  Convex  refle£ling  Surface. 

The  objefts  refle£ted  from  fuch  a  furface  appear 
always  fmaller  than  natural,  always  eredl,  and  al« 
ways  as  if  they  were  behind  the  reflecfling  furface. 

The  *  objedls  never  appear  exadly  of  the  true 
(hape.  If  the  objeft  be  a  right  line,  or  a  plain  fur- 
fece,  the  image  or  appearance  of  it  will  be  a  curve 
line,  or  curve  furface,  becaufe  the  different  points 
.  of  the  objcdt  are  not  equally  diftant  from  the  re- 
fleftor* 

Incident  parallel  rays,  viz.  fuch  a$  come  from 

ycry 
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very  diftant  objcfls,  are  reflefted  divergingly,  and 
their  divergency  is  fuch,  that  if  they  be  produced 
behind  the  refledling  furface,  they^  will  meet  at  the 
diftance  of  half  the  radius  of  convexity ;  that  point 
is  called  the  virtual  focus  of  thofe  rays,  and.  the 
frincifal focus  of  the  refleftor. 

Diverging  incident  rays,  viz*  fuch  as  come  from 
near  and  fmall  objedbs,  have  their  virtual  focus 
nearer  to  the  reflcdking  furface  than  half  the  ra- 
dius. 

.  When  the  incident  rays  are  converging,  if  the 
diftance  of  the  luminous  point  from  the  reflefting 
furface  be  lefs  than  half  the  radius  of  convexity, 
the  rcflcfted  rays  will  have  a  real  focus  before  the 
furface :  ocherwife  they  will  have  a  virtual  focus 
behind  it. 

The  reflefting  furface  muft  be  underftood  to  be 
a  fmall  portion  of  a  large  fphere ;  for,  ftriftly  fpeak- 
ing,  the  rays  reflcfted  from  a  convex  furface,  can- 
not have  a  common  virtual  focus,  and  the  multi- 
plicity of  their  foci  increafcs  with  the  fize  of  the 
/pherical  portion.  This  property  will  be  rendered 
more  apparent  by  what  will  be  faid  in  the  follow- 
ing paragraphs  concerning  the  concave  rcfleftor. 


Of  a  Spherical  Concave  Refle£iing  Surface. 

If  a  luminous  objeft  be  fituated  at  the  centre  of 
concavity,  (for  which  purpofe  that  objeft  ought  to 

be 
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be  a  (ingle  pomt)  then  all  the  rays  which  fall  upon 
the  concave  refleftor  will  be  reflefted  fo  as  to  meet 
at  that  fame  point,  or  centre,  or  focus.  . 

Rays  which  come  from  any  other  point,  cannot 
b^  all  refle£ted  to  one  and  the  fame  focus.  Thus  . 
in  fig.  8.  Plate  XIX.  AB  reprcfents  the  concave 
rcfleftor,  Q^is  the  objeft  or  radiant  point,  znAffff 
000  rcprefent  the  various  foci  of  the  reflected 
rays,  which  form  the  two  curve  lines  fff  000. 
Thofe  curve  lines  ^re  called  cauji\cks^  or  caufiUi 
hy  refusion  *. 

The  rays  which  are  refleded  from  the  middlcr 
moft  part  of  the  refledlor,  viz.  from  tliat  part  which 
is  more  diredly  oppofite  to  the  radiant  point,  (as 
the  part  CD)  meet  or  have  their  foci  pretty  near 
to  each  o^er,  and  the  narrow  fpace,  within  which 
they  meet,  is  confidered  as  the  focus  of  thofe  inci- 
dent rays.  On  this  account  the  concave  reflectors 
which  are  commonly  made  for  optical  or  other  phi- 
lofbphical  purpofes,  generally  are  fmall  portions  of 
large  ipherical  furfaces ;  for  whether  the  refleftor  is 
to  rcfledt  light  or  heat  to  a  particular  place,  as  at  F, 
the  portions  CA.jjnd  DB  will  be  quite  ufelefs. 


♦  **  Such  caullicks  may  be  feen  upon  the  furfece  of  milk, 
or  upon  any  opaque  whitifli  mixture  of  liquors  contained  in 
a  white  china- cup,  or  upon  the  bottom  of  a  fnufF-box,  whofe 
rim  is  well  poliflied,  when  the  light  of  a  candle,  or  of  the 
fun,  or  of  a  remote  window  Ihines  upon  it/'  Dr.  Smith's 
Opticks,  B.  I.  Chap.  II. 

Therefore 
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Therefore  in  the  following  paragraphs,  by  a  concave 
refledlor,  nnuft  be  undcrftood  a  fmall  pordon  of  a 
large  fpherical  fur  face. 

The  radiant  point,  or  luminous  point,  from  which 
the  incident  rays  proceed,  \%  alfo-  called  a  focus, 
like  the  point  in  which  reflefted  rays  meet ;  but  the 
former  is  denominated  ^he  focus  'of  incident  rays^ 
whilft  the  latter  is  called  the  focus  ofrtfleRed  rays^ 

A  line  which  is  fuppofed  to  pafs  through  the 
centre  of  the  refleAor,  and  through  the  centre  of 
thefpherc,  of  which  that  refleftor  is  a  part,  is  called 
the  axis  of  the  refletSor. 

When  the  incident  rays  are  parallel  (viz.  when 
the  focus  of  incident  rays  is  very  remote)  then  the 
focus  of  the  refleded  rays  is  befoi-e  the  refleftor  at 
the  diftance  of  half  the  radius  of  concavity,  from 
the  reflefting  furface,  and  in  the  middle  of  that  ra- 
dius to  which  the  incident  rays  arc  parallel.  This 
diftance  is  called  the  focal  dijlance.  Such  a  focus 
of  reflefted  rays,  viz.  when  its  diftance  is  equal  to 
half  the  radius  of  concavity,  is  called  the  principal 
focus  of  that  refledor. 

The  nearer  the  focus  of  incident  rays*  comes  to 
the  furface  of  the  refleftor,  the  farther  will  the  focus 
of  reflcfted  rays  recede  from  that  furface ;  in  fliort, 
thofc  foci  move  in  contrary  direftions  (i).     When 

the 

(i.)  Of  the  following  three  quantities,  viz.-  the  diftance 
of  the  focus  of  incident  rays,  the  diftance  of  ihe  focus  of  re- 

flefled 
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die  diilance  of  the  focus  of  incident  rays  is  eqvi^ 
to  half  the  radius  of  concavity,  then  the  rays  will 

-  /  be 


fleded  rays,  and  the  radius  of  concavity  or  convexity,  whea 
two  are  given  the  third  may  be  found  from  the  following 
analogy,  which  applies  to  convex  as  well  as  to  concave  fj;Ae- 
rical  refledors. 

«*  The  diftance  of  the  focus  of  incident  rays  from  the 
principal  focus,  half  the  radius  of  the  refleSpr,  and  the  diC- 
tance'between  the  principal  focus  and  the  focus  of  refle&d 
rays,  will  be  in  continual  proportion. 

^  Suppofe  the  refle&or  to  be  concave,  and  the  rays  to 
diverge  from  a  focus,  the  diftance  of  which  from  the  fur&ce 

^  Let  the  radius  of  the  refle£tor  =  r ;  we  hare,  by  tfap 

r      T        T       r 

preceding  rule,  </  —  —  :  — : :  —  '•  —3 =  the  diftance 

r     --'— &  .2       2       2      \d — 2r    ' 

between  the  focus  of  refle£ted  rays  and  the  principal 
focus. 

^  The  focus  of  reflected  rays  is  in  this  cafe  between  the 
principal  focus  and  the  centre  of  the  refledlor ;  wherefore, 

adding  —  to  the  quantity  laft  found,   we  have      j. 

-u—  — ir-, =  — ; for  "le  diftance  of 

2  ^d  —  \r  2d — r 

the  focus  of  refleded  rays  from  the  furface.. 

^  This  folution  extends  to  all  cafes  of  foci  formed  by 

refle^on  from  ^fpherical  furface,  by  changing  the  fign  of 

r,  when  the  refleSor  is  convex,  and  of  d^  when  the  rajrs 

converge  to  a  point,  the  diftance  of  which  from  the  furface 

is  //;  thus,  if  rays  converge  upon  ^  concave  refledlor,  the 

radius  of  which  is  30  inches,  and  focUs  of  converging  rays 

ihould 


i6o      .     Catoptricsy  (tr  of  RefleHed  Ugbt. 

enters  the  pupil.  This  is  clearly  (hewn  by  fig.  i6^ 
II,  and  12,  Plate  XIX:.  the  firft  of  which  rep  re- 
lents a  dircft  view,  the  fecord  a  view  by  the  reflect 
,  tion  fronri  a  flat  refleftor,  and  the  third  a  view  by 
refle&ion  from  a  concave  refleftor ;  of  the  fame  lu- 
minous point  A.  ' 

Hence  it  is,  that  an  image  formed  by  refledion 
from  a  concave  reflcdtor,  may  appear  a  great  deal 
brighter  than  the  objedt  itfelf. 

The  image  of  an  objcft,  formed  by  refleftibn 
from  a  fpherical  furface,  is  never  exaftly  like  the 
original  objcdt.  Thus  the  image  of  a  ilraight  line 
is  not  a  (traight  line,  but  a  conic  feftion  \  and  the 
kind  of  xht  curve  is  determined  by  the  diftance  of 
the  objeft. 

The  intenfity  of  thd  light,  or  of  the  heat  of  die 
fun,  which  is  produced  by  the  coUcfted  rays  in  the 
focus  of  a  concave  fpherical  rcflcflpr,  is  faid.  to  be 
as  the  fquare  of  the  diameter  of  the  refledor  di- 
redlly,  and  as  the  principal  focal  diftance  ihvcrfcly. 
Thus,  if  two  reflcdors,  A  and  B,  have  the  Ikmc 
radius  of  concavity,  but  the  diameter  of  A  is  6 
inches,  and  that  of  B  is  1 8  inches,  then  the  intenfity 
of  light  or  heat  at  the  focus  of  A,  is  to  that  at  the 
focus  of  B,  as  I  to  9.  This  proportion  muft  not, 
however,  be  confidcred  as  exaft. 

The  property  which  a  concave  reflcftor  has  of 
forming  an  image  of  an  objeft  before  its  furface, 
has  been  frequently  ufed,  either  as  a  real  or  as  an 
entertaining  deception*;  and  contrivances  made  upon 
this  principle  have  been  frequently  fhewn  for  money 
X  in 
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in  London  and  clfewherc.     The  following  is  an 
cafjr  conftrudxon  of  this  fort. 

A  concave  mirror,  about  a  foot  in  diameter,  is 
fituaccd  behind  a  parritioh  FD,  fig.  13.  Plate  XIX. 
and  a  holq  cither  circular  or  oblong,  of  about  (even 
inches  in  length,  is  made  in  the  partition.  An  in- 
verted objeft,  for  inftance,  a  flower,  is  placed  at 
E,  behind  the-  partition,  and  is  illuminated^  by 
means  of  lamps  laterally  fituated ;  alio  a  pot  or  ftand 
is  placed  at  D,  before  the  partition.  Now  the 
diftance  of  the  partition,  flower,  &c.  mufl:  be  fuch 
as  to  form  the  rcflefted  image  of  the  flower  juft 
over  the  pot  or  (bnd  D.  Then  an  eye  fituated  at 
C,  and  looking  fl:raight  through  the  hole  in  the 
paitition,  will  perceive  an  image  of  the  flower  at  I ; 
and  when  the  light  Is  properly  managed,  viz.  that 
no  extraneous  light  interferes,  the  illufion  is  fo  great, 
that  the  fpeftator  will  frequently  extend  his  hand  to 
grafp  what  he  thinks  to  be  a  real  flower  at  I. 

Refledling  furfaces  have  been  made  of  various 
ihapes,  fuch  as  cylindrical,  conical,  &c.  but  the 
only  ufethat  can  be  made  of  them  is  to  furprize 
people  by  fliewing  them  a  regular  figure  reflefted 
from  an  original  deformed  objeft ;  the  principle  of 
which  may  be  eafily  comprehended.  For  inftance, 
if  you  place  a  regular  obje£t  before  an  irregular 
refleftor,  the  reflefted  image  mull  evidently  be- 
deformed  j  therefore,  if  the  obje£t,  fuch  as  a 
|>idure,  &c.  be  drawn  purpofely  deformed,  accord- 
ing to  certain  rules  (which  may  b€  calily  derived 

VOL.  ill.  M  cither 
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either  from  a  due  confideration  of  the  form  of  the 
refleAor,  or  by  trials)  then  the  refle&ed  image  will 
appear  regular.  Such  deformed  figures  (called  ana- 
morphofes)  are  fold  by  the  opticians,  together  with 
a  cylindrical  or  conical  reflcdor  *. 

There  is  one  (hape,  however,  for  a  concave  re- 
fledtor,  which  is  fuperior  to  all  others,  and  that  is 
the  parabolical;  for,  as  may  be  eafily  deduced 
from  the  Elements  of  Conic  Sedions,  when  rays 
fall  upon  a  parabolic  concave  refledtor,  parallel  to  its 
axis,  they  are  all  refiefted  to  one  and  the  fame 
point,  namely,  to  the  focus  of  the  parabola,  widiout 
mil  5  thofe  cauftic  curves  which  are  produced  by 
Spherical  concave  rcflcftors.  But  the  mechanical 
difficulty  of  forming  a  well  polifhed  parabolic  rc- 
fleftor  is  very  great,  and  indeed  there  is  no  certain 
known  method  of  forming  it. 

The  reflcdion  of  light  from  polifhed  furfaces  of 
almofl  all  bodies,  takes  place  not  only  when  the  in- 
'cident  rays,  which  proceed  from  the  objeft,  pafs 
through  the  air,  and  fail  upon  the  furface  of  the 
liquid  or  folid ;  but  likewife,  when  the  rays  travel 
through  the  liquid  or  folid  itfclf.  Thus,  let  a  fpeck 
A,  fig.  14.  Plate  XIX.  be  in  a  lump  of  glals, 
B  C  i)  E,  an  eye  fituated  at  F  will  fee  the  fpeck  in 


♦  For  die  methods  of  drawing  thofc  diflortcd  figures,  fee 
Df.  Smith's  Optics,  B.  II.  chap.  12.  Prieftley's  Hiftorj 
of  Vifion,  Light,  and  Colours,  Part  II.  Sc&.  V.  as  alfo 
moft  other  writers  on  Optics. 

the 
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the  direftion  FG  ;  its  incident  light  AG,  being  re- 
flcftcd  by  the  furface  BD  ;  and  this  rcfledtion  be-  - 
comes  very  ftrong  or  total,  when  the  angle  of  in- 
cidence, A  G  H,  exceeds  40**.     The  fame  thing 
takes  place  in  water,  and  other  tranfparent   bo* 
dies  *.  Of  this  more  will  be  faid  in  the  next  chapter. 
A  comnK>n  flat  refleftor,  or  lookfng  glafs^  con- 
fifts  of  a  flat  polifhed  plate  of  glafs,  to-one  fide  of 
which  a  plate  of  tin  foil  is  made  to  adhere  by  means 
of  quickfilver.     In  confequence  of  this  conftrudion 
the  looking  glafs  makes  a  double  refleftion  of  «ycry 
objeft,  viz.  one  from  the  upper  farface,  which  is 
the  wcakeft,  and  another  from  the  under  furfacc> 
which  is  contiguous  to  the  tin  foil.    When  a  perfon 
ftands  juft  before  the  glafs,  the  two  reflections  coin- 
cide, and  he  perceives  one  image ;  but  if  he  (lands 
oblique,  as  at  A,  fig.  15.  Plate  XlX.  and  views 
the  refleftion  D,  of  an  objeft  B  C,  fituatcd  00  the 
other  fide,  he  will  then  perceive  two  images,  viz. 
one  caufed  by  the, upper,  and  the  other  cauledby 
the  lower  furface  of  the  glafs  E  F.     If  the/obje6t 
B  C   be  very  luminous,  fuch  as  a  lighted  candlci 
then  the  eye  at  A  will  perceive  a  great  fucceflion  of 
candles  at  D,  gradually  decreafing  in  fplendour;  the 
caufe  of  which  phenomenon  is,  that  the  ftrong  re-   * 
fledtion  from  the  under  furface  of  the'  glafs  is  again 

» 

♦  When  a  ray  of  light  thus  paffing  through  a  medium  is 
refle£ted  by  its  furface,  that  refle<5tion  will  be  ftronger  the 
rarer  the  other  medium  is  which  furrounds  the  former. 

M  %  refle£te4 
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reflefted  from  the  upper  furface^  and  this  again  %y 
the  lower,  &c. 

There  is  no  fubftance  fo  perfcftly  tranfparent, 
but  what  ^contains  foitie  fmall  opaque  or  reflecting 
particles,  which  fcatter  part  of  the  light  that 
would  otherwife  entirely  pafs  through.  This  is  the 
reafon  why  we  fee  the  direftion  of  the  li^ht,  which, 
entering  through  a  fnrjall  hole,  paffes  through  the  air 
of  a  room,  viz,  on  account  of  the  r^fledting  parti- 
cles of  fubftances  that  float  in  the  air.  Hence  we 
fee  light  in  a  room  out  of  the  real  direftion  of 
the  rays  which  come  from  the  aperture,  or  win* 
dow,  &c. 

When  light  falls  upon  a  body,  and  is  thence  re- 
fl(;fted,  it  is  fuppofed  that  the  refleftion  takes  plact 
not  exaftly  at  the  furface  of  the  reflcfting  body> 
but  at  a  litde  difl:ance  from  it.  One  of  the  proofs 
of  this  fuppofition  is,  that  bodies  which  are  made 
fmooth  by  art,  refleft  light  regularly  j  though  their 
furfaces,  when  narrowly  examined  by  rneans  of 
a  magnifier,  will  be  found  full  of  fcratches  and 

f 

holes. 

We  (hall  conclude  this  chapter  with  the  defcrip- 
tion  of  a  praftical  mediod  of  meafuring  the  angles 
of  incidence  and  reflexion,  and  a  method  of  mea- 
furing the  quantity  of  light  which  is  lofl:  by  reflec- 
tion. 

There  are  feveral  ways  of  meafuring  the  angles 
of  incidence  and  reflection,  but  the  following  is  one 
of  the;  eafieft.    Let  AC  B,  fig.  1 6.  Plate  XIX.  be  a 

fcmicircle. 
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fcmicirclc,  divided  into  twice  90  degrees.  AB  rc- 
prcfents  the  fqftion  of  a  flat  refleftor.  Cover  the 
furfacc  of  this  refleftor  with  paper,  excepting  a  very 
fmall  circular  fpot  as  at  D.  Place  the  femicirclc 
perpendicularly  upon  the .  rcfledlor,  and  with  its 
centre  in  the  middle  of  the  uncovered  fpot  D  of  the 
rcfleftor.  This  done,  fix  a  pin  or  other  fmall  ob- 
jcft  clofe  to  the  edge  of  the  femicircle,  for  inftancc, 
at  E,-  the  50th  degree  j  then  move  your  eye  along 
the  fide  A  F  C  of  the  femicircle,  and  you  will  per- 
ceive the  objeft  E  reflefted  by  the  refleftor  D,  only 
when  the  eye  is  at  F,  viz.  at  the  50th  degree  of 
the  quadrant  AFC;  whence  it  appears,  that  the 
angle  of  reflexion,  CiD  F,  is  equal  to  the  angle  of 
incidence  E  D  C. 

Bouguer's  methods  of  meafuring  the  quantity  of 
light  loft  by  rcfleftion  is  defcribed  by  Dr.  Prieftlcy' 
in  the  following  manner.  "  He  placed  a  vmirror, 
or-rcflcaing  furface  B,  fig.  17.  Plate  XIX. 
on  which  the  experiment  was  to  be  made^  truly 
upright ;  and  having  taken  two  tablets,  of  pre- 
cifcly  the  fame  colour,  or  of  an  equal  degree  of 
whitenefs,  he  placed  them  exaftly  parallel  to  one 
another^  at  E  and  D,  and  threw  light  upqn  them> 
*'  by  means  of  a  lamp  or  candle  P,  placed  ^in  a 
*'  right  line  between  them.  He  then  placed  him- 
**  fclf  fo  that,  with  his  eye  at  A,  he  could  fee  the 
*^  ublet  E,  and  the  image  D,  refle<ftcd  from  the 
**  mirror  B,  at  the  fame  time  j  making  them,  as 
**  it  were,  to  touch  one  another.    He  dien  moved 
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*'  the  candle  along  the  line  E  D,  fo  as  to  throw 
*'  more  ot*  Icfs  light  upon  either  of  them,  till  he 
could  perceive  no  difference  in  the  ftrength  of 
the  light  that  came  to  his  eye  from  them.  After 
.*'  this  he  had  nothirtg  more  to  do  than  to  m€afure 
"  the  diftances  EP  and  DP;  for  the  fquares  of 
"  thofe  diftances  expreflcd  the  degree  in  which  the 
"  rcfleftion  of  the  mirror  diminifhed  the  quantity 
•'  of  light.  It  is  evident  that  if  the  mirror  reflefted 
"  all  the  rays  it  received,  the  candle  P  muft  have 
**  been  placed  at  C,  at  an  equal  diftance  from  each 
"of  the  tablets,  in  order  to  make  them  appear 
*'  equally  illuminated :' but  becaufe  much  of  the 
light  is  loft  in  refleftion,  they  can  only  be  made 
to  appear  equally  bright,  by  placing  the  candle 
nearer  to  the  tablet  D,  which  is  fcen  by  refleftion 
only. 

"  To  find  how  much  light  is  loft  by  oblique  rc- 
"  fleftion,  he  took  two  equally  polifhed  plates,  D 
•*  and  E,  fig.  18.  Plate  XIX.  and  caufed  them 
to  be  enlightened  by  the  candle  P ;  and  while 
one  of  them,  D,  was  fcen  at  A,  by  reflexion 
*'  from  B,  placed  in  a  poficion  oblique  to  the  eye, 
*'  the  other,  E,  was  fo  placed,  as  to  appear  conti- 
**  guous  to  it;  and  removing  the  plate  E,  till  the 
"  light  which  it  reflefted  was  no  ftronger  than  that 
"  which  came  from  the  image  of  D,  fcen  by  re- 
"  flcftion  at  B,  he  eftimated  the  quantity  of  light 
*'  that  was  loft  by  this  oblique  reflcdion,  by  the 
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''  fquares  of  the  diftanoes  of  the  two  objefts  from 
"  the  candle. 

"  I  need  not  add  that,  in  thefe  experiments,  all 
"  foreign  light  'was  excluded,  that  his  eye  was 
**  ihaded>  and  that  every  other  precaution  was  ob- 
**  ferved,  in  order  to  make  his  conclufions  un- 
«  queftionablc*." 

Notwithftanding  all  thofe  precautions,  it  muft 
be  acknowledged  that  the  above-mentioned  method 
of  mcafuring  the  light  loft  by  refieftion  is  by  no 
means  very  accurate ;  nor  do  I  know  of  any  other 
left  objectionable.  The  principal  fources  of  inac- 
curacy are,  the  difficulty  of  determining,  by  the 
judgment  of  the  eye,  when  two  objects  appear 
equally  bright^  and  the  want  of  an  accurate  expe« 
riotental  proof  to  confirm  the  propofidon,  that  ]i^;ht 
really  decreafes  in  proportion  of  the  fquares  of  the 
diftances  from  the  luminous  or  radiant  point. 


*  Prieftley's  Hiftoxy  of  Vifion,  Ligh^   and  ColourSi 
Part  VI.  Sea.  III. 
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DIOPTRICS,    OR    OF    REFRACTED    LIGHT, 


THE  objcft  of  this  Chapter  is  to  ftate  ^nd  to 
explain  the  various  cfFefts  which  arifc  from 
the  refraftion  of  light  through  tranfparent  me- 
diums. 

When  a  ray  of  light  pafles  from  one  medium 
into  another,  in  a  direftion  perpendicular  to  the 
contiguous  furfaces,  or  to  the  junftion  of  the  two 
snedhinis,  then  that  ray  proceeds  ftraight  on,  with- 
out any  deviation  from  the  ftraight  line. 

But  when  the  ray  paffes  from  one  medium  into 
another  medium  of  different  denfity,  in  a  direc- 
tion oblique  to  their  contiguous  furfaces  ;  then  tjaat 
ray  will  be  benti  fo  as  to  form  a  right  lined  angle  at 
the  junftion  of  the  two  mediums ;  for  the  dircdion 
of  the  ray  through  either  of  the  mediums  is  rec- 
tilinear, as  long  as  the  m.cdium  is  of  a  uniform  den- 
fity ',  but  if  the  medium  be  continually  varying  in 
denfity,  like  the  air  of  the  atmofphere  from  the 
earth  upwards;  then  the  ray  of  light  in  pafiling 
through  it  will  be  continually  bent,  viz.  it  will  (oin\ 
a  curve  line. 

When 
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When  a  ray  of  light  paiTcs  from  a  thinner  into  a 
deafer  medium  *,  or  vice  verja^  if  a  perpendicular 
be  drawn  to  the  jundion  of  the  two  mediums  at 
that  point,  through  which  the  ray  paffi^s  i  then  the 
angle  which  that  ray  makes  with  the  above-men- 
tioned perpendicular  in  the  thinner  nnediuni>  is  ge-* 
nerally  larger  than  that  which  it  makes  with  the 
iame  perpendicular  in  the  denfer  medium. 

This  b  otherwife  ufually  exprefled,  by.  faying, 
that  in  paflfing  from  a  thinnei:  into  a  denfer  me^ 
dium,  the  angle  of  incklence  is  generally  larger  than 
the  angle  ofrefradtion,  and  vice  verja. 

Now  it  has  been  obferved,  that  in  the  paflage  of 
oblicjue  light  through  the  fame  two  mediums,  the 
fine  of  the  angle  of  refradion  always  bears  the 
fame  proportion  (either  accurately  or  nearly  fo)  to 
the  fine  of  the  angle  of  incidence.  Alfo  in  palling 
tHrough  any  two  other  mediums,  the  fine  of  the 
angle  of  refradtion  likewiie  bears  a  certain  propor- 
don  (either  conftantly  the  fame,  or  nearly  fo)  to  the 
fine  of  the  angle  of  incidence ;  but  the  ratio  of 
diole  two  fines  in  the  latter  two  mediums,  is  dif- 
ferent fit>m  the  ratio  of  the  two  fines  in  the  former 
two  mediuRis.  All  this  will  be  illuftrated  by  the 
ibUowing  explanation  of  fig.  i.  Plate  XX. 

Let  FGX  Z  be  a  quantity  of  water,  B  repre- 
fents  a  narrow  tube,  through  which  the  fun  fhines. 


^*  Not  all  the  light  incident  upon  a  tranfparent  body  pafles 

^ou^h  it|  but  a  f)ortion  is  always  rcfledcd  from  its  furface. 

and, 


* 
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and,  on  account  of  the  oblique  fituation  of  the  tube, 
the  fun's  light  mud  fall  obliquely  upon  the  water  at 
C.  Then  that  light  will  not  pafs  througli  the  water 
along  the  line  CZ,  which  is  in  the  fanie  ftraight  di- 
reftion  withBC;  but  it  will  pafs  in  the  direction  CD, 
(which  may  be  clearly  perceived,  efpecially  if  the 
water  be  not  very  clean)  making  the  angle  of  rc- 
fraftion  D  C  E,  with  the  line  ACE,  (which  is 
perpendicular  to  the  furface  of  the  watijr,  or  to  the 
boundary  of  the  two  mediums,  viz.  water  and  air) 
kf^  than  the  angle  of  incidence  A  C  B. 
.  Otherwife,  fuppofe  that  various  objefts,  for  in» 
fiance  pebbles,  be  placed  below  the  water,  and  that 
an  obferver  at  P,  looks  through  the  inclined  tube 
B  J  then  the  obferver  will  perceive,  not  the  pebble 
Z,  but  the  pebble  D  ;  whereas,  if  the  water  were 
drained  off,  then  he  would  perceive  the  pebble  Z, 
and  not  die  uebble  D. 

If  a  circle  FHE  be  defcribed  about  die  centre 
or  point  of  incidence  C,  in  the  fame  plain  with  the 
lines  B  C,  CD;  and  from  the  interfedtion  H  of 
the  circle  with  the  incident  ray,  a  perpendicular 
H  K  be  dropped  on  the  line  A  E ;  then  HK  is  the 
fine  of  the  angle  B  C  A.  Alfo,  if  from  the  inter- 
feftion  I  of  the  circle  with  the  refracted  ray,  a  per- 
pendicular IL  be  dropped  on  the  fame  line  AE  j 
then  IL  will  be  the  fine  of  the  angle  DCE, 

Now  it  has  been  found  that  the  fine  I L  is  always 
nearly  three-fourths  of  the  fine  HK,  let  that  fine  be 
what  it  may  j  for  inftance,  if  the  tube  B  be  placed 

at 
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at  M,  then  the  fine  of  the  angle  of  incidence  MCA, 
will  be  OR  ;  and  the  angle  of  refraftion,  or  of  the 
angle  in  water,  will  be  YCE,  whofe  fine  is  YQ; 
and  Y  Q^  will,  as  above,  be  nearly  three-fourths  of 
the  fine  OR. 

It  is  evident  that  when  the  incident  ray  comes 
along  the  line  A  C,  the  angle  of  incidence,  as  well 
as  its  fine,  vanifhes  or  becomes  nothing ;  confe- 
quently  the  angle  of  refraftion  and  its  fine  mull 
vanilh  too,  viz.  the  ray  of  light  muft  proceed 
flraight  along  the  line  A  C  £.  Hence  it  is  faid, 
that  there  is  no  refraftion  when  the  rays  of  light 
enter  a  medium  in  a  diredion  perpendicular  to  its 
fiirface.- 

Now  if,  inftead  of  water,  F  G  X  Z  be  fuppofed 
to  be  glafs,  every  thing  elfe  remaining  as  before, 
then  the  difference  of  refult  will  be,  that  the  ratio 
of  the  fine  of  refraftion  to  that  of  incidence  is  (not 
as  it  was  in  the  cafe  of  water,  viz.  3  to  4>  but) 
nearly  as  a  to  3  j  viz.  the  angles  of  refradion 
will  be  refpedively  fmaller  when  FGXZ  is  glafs, 
than  when  it  is  water.  And  if,  inftead  of  water  or 
glafs,  FGXZ  were  a  diamond,  then  .the  angle  of 
xefiaftion  would  be  fmaller  ftill  j  viz.  the  fine  of  the 
angle  in  the  diamond  would  be  to  the  fine  of  the 
angle  in  air,  nearly  as  2  to  5. 

A  confiderable  variety  of  tranfparent  fubftances 

has  been  thus  examined  with  refpeft  to  their  re- 

fraftivc  properties.  Their  peculiar  refraiStive  powers 

will  be  ftated  ip  the  fequel. 

In 
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In  the  above-mentioned  example,  the  light,  (for 
inftance,  of  the  fun)  which  paffing  through  the  tube 
B,  falls  upon  the  water  at  C,  is  not  only  bent,  but 
alfo  enlarged  in  a  feftoral  manner,  and  its  enlarge- 
ment is  in  the  plain  CI  EB.  It  is  alfo  remarkable 
that  the  refraftcd,  and  enlarged  or  difperfed  light, 
is  not  of  one  uniform  colour,  but  appears  tinged 
with  the  colours  of  the  rain-bow. 

In  fig.  2.  Plate  XX.  which  is  intended  to  illof- 
trate  this  wonderful  property,  IC  is  fuppofed  to 
be  a  fmall  beam  of  folar  light,  which  paffes  through 
the  air,  and  enters  a  •  refrafting  medium  at  C. 
Through  that  medium  the  beam  of  light  will  be 
Ipread  in  the  fcftoial  Ihape,  "j^r^  which  is  called 
the  angle  of  dif per/ton ,  or  difftpatiotii  and  which  Is  it- 
felf  divided  into  fmaller  feftors  of  different  colours  j 
viz.  next  to  the  upper  line  C  r,  the  light  appears 
red,  and  thence  it  gradually  degenerates  into  orange, 
yellow,  green,  blue,  indigo,  and  laftly,  violet, 
which  is  neareft  to  the  lower  line  or  boundary 
Cv.        '      , 

Now  a  line  C  w,  through  the  middle  of  the  angle 
vCvy  is  the  mean  direction  of  the  refrafted  light, 
and  m  e  is  its  fine,  or  the  fine  of  the  mean  angle  of 
refradlion  5  whereas  vfznd  rd  are  the  fines  of  the 
extremes,  of  which  vf  is  called  ih^Jine  of  the  mofi 
refrangible  colour^  and  r  d  the  fine  of  ibe  leafi  refrangible 
colour. 

This  feparation  of  the  white  or  colourlefs  light 

into  various  colours,   induced  Sir  Ifaac  Newton 

^  to 


c  lor  inc  prcicnc  dc  rcmarKca,  mat  tnrougn 
ne  medium,  the  angle  of  diflipation  is  always 
tionate  ro  the  mean  angle  of  refraftion,  and 
rfe  when  the  mean  angle  of  refraction  is  very  * 
then  the  angle  of  diflipation  muft  be  much 
r,  in  which  cafe  the  different  colours  cannot 
inguilhed  :  but  when  the  angle  of  incidence, 
mfequently  the  mean  angle  of  refraftion,  is 
rrably  larger,  then  the  angle  of  diflipation 
b  be  fo  large,  as  to  exhibit  the  different  co- 
different  refradlivc  mediums  have  different 
ivc  powers  -,  for  inftance,  the  angle  of  inci- 
I  C  H  remaining  the  fame,  not  only  the 
uiglc  of  rcfraftion  w  C  E,  will  vary  according 
rcfraftive  medium  ABDG  is  water,  or  glafs, 
nond,  &c.  but  the  angle  of  diflipation  vCn 
fo-  vary.  And  in  fome.  refrafting  mediums 
sui  angle  of  refradtion  is  larger,  whilft  the 
if  diflipation  is  fmaller ;  and  in  other  re£ra£t- 
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Heat  or  an  incrcafe  of  temperature  generally  in- 
creafes,  but  not  much,  the  refradlive  power  of  tran- 
fparent  bodies,  efpecially  of  fluids. 

The  following  table  contains  the  mean  refradion 
from  air  into  the  following  mediums.  The  firft  co- 
lumn contains  the  fubftances ;  the  fecond  expreflb 
the  fine  of  the  angle  of  incidence,  that  of  refraftion 
being  reckoned  one  or  unity ;  and  the  third  column 
exprefies  the  difperfive  powers  in  proportional  num- 
bers, that  of  water  being  reckoned  lOO.  Thus 
the  fine  of  incidence  is  to  that  of  refra6bion  from 
air  into  flint-glafs,  as  i>5998  to  i,  or  as  i,6  to-f. 
^  And  the  difperfive  power  of  the  fame  glafs  is  to 
that  of  water,  as  227  to  xoo  *• 


*  The  various  articles  of  this  table  have  been  ftle&d 
from  the  experiments  of  Newton,  Euler,  Zeiher,  Hauk(bee^ 
Martin,  Rochon,  and  others.  A  vaft  dumber  of  other  fub- 
ftances might  have  been  added,  ,fuch  as  folutions  of  (altS| 
decofiions  or  infufions  of  woods,  &c.  but  thefe  have  been  i 
omitted  principally  on  account  of  their  indefinite  and  fluc« 
tuating  quality.     See  t)iflilled  (^inegar  in  the  Table. 

An  idea  of  the  real  quantity  of  the  difperfive  power  of 
"ftint-glafs  may  be  derived  from  the  following  partictdarit 
The  fine  of  the  angle  of  incidence  is  to  the  fine  of  the  angle 
of  refiradion  t>f  the  leafl  refrangible  or  red  rays  from  air  into 
flint-glafs,  as  1,5889  to  i;  and  the  fme  of  the  angle  of  ind* 
dence  to  that  of  refraftioni  of  the  moft  refrangible  or  violet 
rays,  as  1,6107  to  i.    Of  this  more  hereafter. 


White 
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White    flint-glafs  of  the  fpecific  gra- 
vity 3,29    -    - 

\  M3 

Glafs  made  of  minium, 
viz.  red  lead,  ahd  flinc, 
in  the   proportion  of 


2 
1 

i 

J 

X 


v. 


Fi  - 

I  - 

I  - 

I  - 

I  - 

I  - 


A  diamond  J  ^^  ^^^^'^^ 


Comn[K>n  plate-glafs,  or  coach-glals  Ip. 

gr.  2,76  -  ....  ^ 
Crown-giafs,  fp.  gr.  2,52  .  -  - 
Yellow  plate,    or  Venetian  glafs,   fp. 

gr.  2,52  .  -  .  -  .  . 
Brazil  pebble,  fp.  gr.  2,62  -  -  - 
Glafs  tinged  red  by  means  of  gold,  for 

enamel  -  -  -  .  -  - 
Glais  of  Saint  Gcbin  in  France 

\  by  Rochon 

*  Rock  cryftal 

f  Newton 

♦  Ifland  cryftal  \  Rochon 

Amber     -       -       -  - 

A  yellow  pfeudo  topaz  - 

Glais  of  antimony     -  - 

Alum        -       -       -  - 

Borax        -       -       -  « 


Sine  of 
inci- 
dence* 


1,600 
2,028 

1,830 
',787 

/>724 
1,664 

1.573 

i>532 

i»53» 
1.531 


D'lffi- 

P»- 
tioa> 

709 

482 

265 
200 

I4« 


»$9 


1,715 

».543 

2.43  > 

2.755 
1,561 

1.575 
(,666 

1.562 
1.625 

'.556 

1.643 
1,889 

>.45« 
1,467 


290 
«49 


2?S 
121 
124 

169 


*  Thofc  tranfparetit  minerals  have  a  double  and  often  a 
multiple  refraction,  viz.  an  objcdl',  feen  through  a  piece  of 
any  «f  them,  appears  double  or  treble,  &c.  and  each  refrac- 
tion is  attended  with  a  different  difperfion.  This  efFedl  is 
rcry  evident  in  the  Illand  Cryftal.  There  are  fomc  other 
tranfparcnt  mineral  bodies,  which  alfo  have  a  double  or  even 

a  multiple  refraction. 
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Nitre       .-.-,.-• 

Camphire         -    '  - 

Gum  arable      -----. 

Fluids. 

Diftillcd  water         -       -       -       -       . 

liain  water        -       -       - .     - 
Well  water  between  1^336  and     - 
Water  Saturated  with  common  fait  -     - 
Solution  of  common  fait,,  water  27,  fait  i 
Solution  of  fugar,  water  27,  fugar  i    - 
Solution  of  mineral  alkali,  or  foda  -     - 
Solution  of  fal  ammoniac 
Solution  of  vegetable  alkali,  or  pot-afh 
Lime  water     ------ 

Sulphuric  aud         -       -       -       -       - 

Nitric  acid       ------ 

[Euler       -       -       - 
Rochon  -       •       - 
Haukft)ee 
Ammonia,  or  cauftic  volatile  alkali 
Spirit  of  hartftiorn    -     -       -       -       - 

French  brandy    ^     -       -       -       -       . 

Ditto,  a  ftronger  kind     .       -       -       - 
Highly  reftified  fpirit  of  wine,  or  alcohol 
Oil  of  olives     ------ 

Oil  of  wax       -  '    - 

Oil  of  lavender        -       -       -       -       - 

Oil  of  cinnamon      -       -       -       -       - 

Oil  of  faflafras  ------ 

Oil  of  turpentine      -       ~       -       -       - 
Spirit  of  turpentine         -       -       -       - 

Oil  of  amber    ------ 

The  cryllallinc  humour  of  an  ox's  eye 


Sine  of 
inci- 
dence. 


DIIS. 
tim. 


1,50: 
W477 


1*336 

•.337 
•.375 
•.348 
1.346 

«.35a 
1.382 

'.334 
1,426 

•  .4/2 

•.344I 

1.335 
•>372 

•.349 

1.3:39 
1,360 

•.37 » 
1,465 

•.452 
1,469 

•.534 

i»544 
1,482 

1,562 

i.5o» 
•^463 


100 


I  as 


'34 


•54 


The 


Dhpttics,  or  tf  Related  light,  tff 


The  white  of  an  egg  I  ^^„'J^;^    .'    I 
Vacuum  *        ------ 


Sine  of 
inci- 
dence* 


0*99974 


-  The  following  obfcrvations  on  the  foregoing 
table  are  deferring  of  nptice. 

Upon  the  whole  ic  appears,  that  the  denfer  bo^ 
dies,  viz.  thofe  of  greater  fpecific  gravity,  refraft 
or  bend  the  light  more  than  thofe  which  are  lefs 
denle;  excepting  (as  Sir  Ifaac  Newton  expreffesitf) 
that  unftuous  and  fulphureous  bodies  refraft  more 
than  others  of  the  fame  denfity. 

There  is  no  fubftance  that  has  an  intermediate 
refraAive  power  between  air  and  rain^  or  diftilled 


•  •*  This  refraflion  of  the  air  is  determined  by  that  of 
tbe  atmofphere  obferved  by  aftronomers.  For  if  light  pafs 
liirough  ever  fo  many  refr^ing  mediums,  which  are  gra- 
Aially  denfer  and  denfer,  the  fum  of  all  the  refradlions  will  be 
equal  to  the  fingle  refraAion  which  it  would  have  fufFered  in 
(Niffii^  immediatdy  out  of  the  firft  medium  into  the  lafl-* 
And  thereibre  the  whole  refradion  of  lights  inpaf&ng  through 
the  atmofphere,  muft  be  equal  to  the  fefraftion  which  it 
ifoM  fuffer  in  paffing,  at  the  fame  obliquity,  Out  of  a  va^ 
cuum  immedi<|tdy  into  air  of  equal  denfity  with  that  which 
is  in  Ihe  loweft  part  ot  the  atmofphere*"  Newton's  Optics^ 
fi^  IL  Part  ni.  ?rop.  lO. 

t  Optics,  B.  II.  Part  III.  Prop.  lO. 

VOL.  m«  K  watrr. 
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water.  The  Tcfraftive  property  of  the  diamond  U 
greater  than  that  of  any  other  known  fubftance*. 
Spirituous  liquors  have  a  greater  refraftive  power 
in  proportion  to  their  ftrength.  Spirit  of  turpentine 
is  the  moft  refraftive  of  the  fluids. 

It  is  now  neceflary  to  examine  the  coloured 
light  itfelf,  viz.  the  various  colours  into  which  white 
light  (like  the  fohr  light,  candle  light,  &c.)  is  di- 
vided by  refradion.  And  fince  this  divifion^  or  . 
the  angle  of  difperfion  in  a  given  mediunfi  is  pro^ 
portionate  to  the  angle  of  incidence  j  therefore,  in 
order  to  examine  with  more  accuracy  the  different 
colours,  &c.  it  will  be  neceflary  to  let  the  light  of 
the  fun  enter  through  an  hole  in  a  dark  room,  and 
to  let  it  fall  upon  a  refra^ling  medium  at  a  great 
angle- of  incidence.  For  this  purpofe,  glafs  prifins 
have  been  found  to  be  the  moft  ufeful. 


•  This  property  induced  Sir  Ifaac  Newton  to  conjec- 
ture that  the  diamond  is  a  fubdancc  of  an  unduous  quality, 
like  oils,  refms,  &c.  meaning  of  a  combuftible  quality,' 
which  was  (bnie  years  after  adually  verified  by  experiments. 
Optics,  B.  11.  Fart  III.  Pn^p.  la  Bi^t  the  fame  con* 
jedure^  deduced  from  other  principles,  '\%  mentioned  by 
BoetiuSy  previous  to  Newton.  He  obfcrves,  thai  watery 
fubibiKes  will  adhere  to  other  watery  fubdanccs^  but  not  to 
oleaginous  bodies,  and  that  oleaginous  bodies  will  adhere  to 
other  oleaginous  bodies^  then  adds,  ^  Quod  itaque  naaftix^ 
'*  qux  jgncac  naturae  eft,  adamanti  facile  jungi  poffit,fignum 
«  eft  id  propter  materia;  fimiliLudinem  fieri,  ac  adamantis 
*'  materiam  igneam,  et  fulphurcam  eflc.*'  GcQunarum,  ct 
Lapidum  hiftoria,  L.  II* 

4  Fig- 
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Fig.  3.  Plate  XX.  reprcfcnts  a  triangular  glafs 
prifm)  viz.  a  lump  of  glafs  having  two  trian- 
gular and  parallel  bafes  ABC>  DFE,  and  three 
£ac  parallelepipcdal  fides*.  AD^  CE5  BF,  are 
the.  angles  of  the  prifni«  A  line  which  pafllba 
through  the  centres  of  the  bafes  is  called  the  dxis. 
When  a  beim  of  light  paffes  through  the  prifnn,  by 
entering  at  one  of  its  parallelepipedal  (Ides  mA 
going  out  at  another^  then  tb^  angle  formed  b^ 
thole  two  ildes^  is  called  the  re/raffing  angle  of  tbi 
prj/m. 

A  B>  fig.  4.  Plate  XX.  rcprefents  part  of  thd 
(hotter  of  the  window  of  a  room,  wherein  no 
ligjit  enters,  excepting  what  corhes  through  tht 
hole  C«  If  this  light,  fuppofing  it  to  be  the  light 
of  the  foh,  be  received  upon  a  fcreen  at  iiny  diftance 
ffotn  the  hole,  as  at  F,  an  image  of  the  fun,  or  ^ 
circular  luminous  fpot,  will  be  formed  upon  the 
fcreen,  which  is  larger  in  diameter  than  the  hole 


*  Prifffls  arc  alfo  made  hollow,  (viz.  the  fides  are  formed 
^  flat  plates  of  glafs)  and  are  filled  with  different  fiuidsy 
lA  order  to  determine  the  refradive  power  of  thofe  fluids;i 
The  flat  plates  are  often  made  to  move  between  two  folid 
metal  bafes ;  by  which  means  the  refrafling  antjle  of  the 
prifm  may  be  altered  at  plcalure. 

Prifms  lA  general  are  frequently  furnifhed  with  metnl 
caps  and  pins  at  their  bafesj  as  at  A  B,  Fig.  6.  Tlate  XX.  by 
Hrhidi  means  they  may  be  commodioufly  turned  about  their 
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at  C>  and  that  principally  on  account  of  the  diametflT 
of  the  fun ;  for  the  rays  of  light  which  depart  from 
the  various  points  of  the  fun's  furface,  and  pafi 
through  the  hole,  mud  crofs  each  other  at  that  place, 
and  muft  proceed  divergingly^  or  in  a  conical  form 
within  the  room. 

Place  a  glafs  prifm  DOE  before  the  hoIc»  t^ 
that  the  light  may  pafs  through  it  in  a  direftioa 
perpendicuUr  to  the  axis  of  the  prifm ;  and  inftead 
of  going  ftraight  from  E  to  F>  the  light  whidi 
comes  through  the  hole  will,  by  pafllng  through  the 
prifm,  be  bent  and  difperfed  in  fuch  a  manner  as  to 
form  a  coloured  fpeftrum  G  H  upon  a  fcreeh,  which 
may  be  ficuated  at  any  difVance  from  the  prifm,  but 
below  the  ftraight  diiedion  C  F.  The  angle  FES 
made  by  the  ftraight  diredlion,  and  the  mean  di- 
rcflion  of  the  refrafled  lights  is  callrd  the  i^gU  of 
deviation. 

The  fpeftrum  G  H  (moft  beautiful  to  the  eye) 
is  about  five  times  as  long  as  its  breadth,  and  is 
terminated  by  fcmicircular  ends.  The  higheft 
part  G  is  of  a  beautiful  red  colour,  which,  by 
infenfible  fliades,  degenerates  into  an  orange,  then 
a  yellow,  a  green,  a  blue,  an  indigo,  and  a  violet, 
which  is  the  colour  next  to  H,  viz,  at  the  loweft 
part  of  the  fpeftrum. 

From  thofe  denominations  It  appears  that  the 
colours  of  the  above-mentioned  fpedrum  are  feven; 
but  an  unprejudiced  fpe£tator  will  find  it  difficult  to 
determine  their  numberr  Sir  Ifaac  Newton  reckoned 

them 
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t)iem  feven  in  number,  and  confidercd  the  interme- 
diate (hades  as  heterogeneous  colours^  or  mixtures 
of  fome  of  the  fcvcn  *.  Nollct  thought  there  was  . 
italbn  to  conclude  that  the  orange,  the  green,  and 
the  indigo,  are  the  three  fimpfe,  or  homogeneous 
colours  f.  Some  perfons  have  acknowledged  five 
primitive  colours.  Others,  obferving  that  all  forts 
of  colours  may  apparently  be  formed  by  mixtures^ 
of  red,  yellow,  and  blue,  in  due  proportions,  have 
admitted  thole  only  as  primitive,  homogeneous,  or 
uncompofed  colours.  However,  certain  fads  and 
obfervatk>ns,  which  will  be  mentioned  iathe  fequel, 
are  very  much  in  favour  of  Newton's  theory. 

» 

Various  methods  have  been  tried  for  the  purpoie 
of  rendering  the  colours  of  the  fpeftrum  diftinA  or 
unmixed  with  each  other  s  but  none,  as  yet,  has 
been  attended  with  a  complete  efFcft.  The  follow* 
ing  method  feems  to  be  the  beft  approximation. 

Let  the  light  of  the  fun  pafs  through  a  hole  of 
about  one  tenth  of  an  inch,  into  a  dark  roomer  and 
placing  a  fcreen  at  a  little  diftance  (for  inftance  fix 
inches)  within  the  room,  let  the  middlemoft  part 
of  that  light  pafs  through  a  fimilar  hole  in  the 
fcreen ;  the  objeft  of  which  is  to  prevent  in  great 
meafure  the  indefinite  iight  or  penumbra  on  the 


*  See  his  Optics. 

t  Liftn  dt  Phx/iqutj  tome  V.  p.  388.  Sec  alfoD'Alcm- 
bert's  Opufc.  Matbem.  torn  III.  p.  393.  Rochon's  Recbgr^ 
Ifff  la  Natun  dt  la  Lumien  des  EtoiUsfifces. 
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fides  of  the  fpc^lrum.  Let  cbac  light  4all  p«rpendir^ 
cularly  upon  a  convex  lens,  at  the  4i(Unce  ^abouc 
lo  feeCj  by  which  means  an  ionagte  weli  defined 
of  the  fgn  wiir  be  ibrmcd  upon  a  (creen  placed  at  » 
proper  diftance  from  the  kns :  bvt  if  ^  prifna  bo 
placed  clofe  to  the  leas,  ib  that  th^  light,  aft^f  hi^ving 
pafled  through  the  l^ns,  may  pafs  througb>  and  ^ 
refradled  by,  the  prifm ;  then  a  coloured  ipeftrum 
ivill  b6  formed  upon  the  Screen,  6g«  i!».  l^teXX.  . 

The  long  fides  of  this  fpeftrum  arc  very  well  de* 
fined.  Its  narrow  terminations  are  fcnnicicculjarA 
a^d  its  whole  length  confifts  of  circu)^  colowed 
images  of  the/un,  which  are  intermi^i^  wi^  each 
other,  eipecially  about  the  middle  or  axis  of  ihc 
fpe£trum;  yet  the  mod:  predominant  cdours  are 
more  diflinguKhable  from  each^other,  efpeciaHy 
towards  the  fides  of  the  fpeftrum,  fo  that  their, 
boundaries  may  be  marked  with  tolerable  ac« 
curacy  ♦. 

Fig.  7.  Plate  XX,  reprefents  fuch  a  fpeftrum, 
and  the  lines  FM,  ba^  dcyfc,  hgy  &c,  are  drawn 
through  the  centres  of  the  principal  circles  belong- 
ing to  the  feven  principal  colours.  The  fpaces, 
which  thofc  fcveral  colours  occupy,  are  not  equal. 


♦  For  this  purpofc  the  prifm  and  the  lens  muft  be  well 
formed,  and  as  free  from  veins,  hubbies,  fcratches,  &c,  as 
poffible.  Every  other  part  of  the  operation*  muft  alfo  be 
conduced  with  great  ac<rmacy,  excluding  every  other  lioht 
from  tlic  room,  5(c. 

If 
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If  the  length  of  the  fpeftrum,  from  I  to  M,  be  di* 
vided  into  360  equal  parts,  then  the  red  colour  will 
be  found  to  occupy  the  fpace  yi.^  ba^  the  length  of 
which,  M  a  J  is  equal  to  45  of  thofe  parts ;  the  length 
tf  r  of  the  orange,  ahdc^  will  be  found  equal  to  ay 
of  thqfc  parts ;  the  length  ce  oi  the  yellow  equal 
to  48;  that  of  .the  green  to  60,  that  of  the  blue 
to  60,  that  of  the  indigo  to  40^  and,  lafUy,  the 
length  /I' of  the  violet,  lmn\  equal  to  80  of 
thofe  parts. 

It  is  very  remarkable  that  by  thofe  divifions^ 
ajC^e^gyhlfU  the  line  IM  is  divided  very  nearly 
like  a  mufical  chord.  Let  the  fide  IM  of  the  fpec- 
trum  be  produced^  fo  as  to  make  M  X  equal  to 
I-Mi  then  /X  will  be  found  to  be  8-9ths  of  IX  $ 
i  X  will  be  found  to  be  5-6ths  of  I  X  ;  j;  X  to  be 
3-4ths,  ^X  to  be  a-jds,  cX  to  be  J-fths,  ^  X  to 
be  9' i6ths,  and  MX  to  be  one  half  of  I  X  :  fo 
that  if  IX  were  a  mufical  ftring,  like  a  violin 
firing,  and  exprefled  a  certain  muiical  tone,  for  in- 
ftance  C,  then  the  length  /X  would  exprefs  D,  or 
the  fccond  ;  i  X  would  exprefs  E  flat,  or  flat  third  j 
g  X  would  exprefs  F,  or  fourth;  ^X  would  exprefs 
G,  or  fifth ;  c  X  would  exprefs  A,  or  fixth  Iharp  j 
41 X  would  exprefs  B  flat,  or  flat  feventh ;  and  MX 
would  exprefs  C,  or  the  odave.  But  It  mufl:  be 
renurked,  thtit  the  divifions  of  the  colours  of  the 
fpeftrum  cannot  be  obtained  with  great  accuracy  -, 
and  ecen  if  they  could  always  be  obta-ned  precifely 

m 

it  the  above*  which  are  exadly  as  were  originally 
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given  by  Sir  Ifaac  Newton  * ;  yet  the  arrangement 
of  the  mufical  notes,  correfpondent  with  thofe  di-« 
vi(ions»  is  by  no  means  regular ;  a  flat  third  with  « 
fliarp  fixth  and  a  flat  feventh  being  inadaiiflible  in  an 
octave  of  mufical  notes. 

It  is  evident  that  white  light  confifts  of  coloured 
rays,  which  have  different  but  peculiar  refrangibili- 
ties ;  the  red  being  the  leaft,  and  the  violet  the  moft 
refrangible  f.  The  following  experiments  will  illu^ 
(Irate  and  confirm  this  theory. 

♦  Optics,  B.  I.  Part  II.  Experiment  VIL 
f  It  has  been  faid  above,  that  the  fine  of  incidence  is  to 
the  fine  of  refradion  from  air  into  ghfs,  nearly  as  3  to  2; 
therefore  by  inverting  the  analogy,  the  fine  of  incidence  it  to 
the  fine  of  refradion  from  glafs  into  air,  as  2  to  3.  New,  M 
the  prifm  in  fig.  4.  he  turned  round  its  axis,  fo  that  the 
\)eam  pf  light  C  O  may  fall  perpendicularly  upon  the  fide 
P  O,  then  th^t  beam  will  not  fuffer  any  refradion  from  C 
to  E  \  but  as  it  falls  obliquely  upon  the  fide  D  £  of  die 
prifm,  it  will,  on  going  out  from  the  glafs  into  the  air  ^t  E,| 
iuffer  a  refradion.  Now  when  the  fine  of  the  angle  of  in- 
cidence of  the  beam  C  O  £,  upon  the  fide  D  E,  was  equal 
to  50,  Sir  Ifaac  Newton  found  that  the  fine  of  refradion 
for  the  red  rays,  or  extreme  part  EG  of  the  (peiArum^ 
yras  77,  and  the  fine  of  refradion  for  the  violet  or  extreme 
part  EH  of  the  fpedrum,  W4S  78.  Therefore,  dividing 
the  difFcrence  between  77  and  78,  in  the  fame  proportion  as 
the  fpedlrum  AGFM,  fig.  7.  is  divided,  he  obuined  the 
following  fines  for  the  boundaries  of  the  fev?n  different  co- 
Jours,  viz.  77,  77t»  77 1»  77t>  77  f>  77^  77 i*  785 
that  is,  the  fines  of  the  red  rays  are  between  77  and  77  i, 

^hofe  of  the  orange  rays  are  between  77  j^  ^d  77  j,  &c. 

After 
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Afccr  having  received  a  beam  of  light  upon  m 
prifm  SVT,  Fig.  5.  Plate  XX.  place,  «  forac 
Pittance  from  the  prifm,  two  fcreens  or  boards;  PQ» 
fq,  each  perforated  with  a  fmall  hole  X, »;  and 
beyond  the  fcrcen  pq  place  a  fecond  prifm  svt^  ia 
the  ficoarion  indicated  by  the  figure.  The  refrafted 
fight  will  form  the  ufual  fpeArum  upon  the  fcreetf 
PQ^  Now,  if  by  turning  the  prifm  SVT  gendf 
about  its  axis,  you  let  the  rays  of  the  different  co- 
lours pafs  fucceffivdy  through  the  two  holes  X,  x, 
and  through  the  prifm.  svf^  you  will  perceive  a 
circular  image  of  the  fun  upon  the  wall  or  fcrcen 
Y  jf,  changing  colour  according^  to  the  ray  which 
produces  it,  and  likewife  changing  place  i  viz.  when 
the  image  is  red,  its  place  will  be,  for  inftance,  Z ;  but 
when  yellow,  its  place  will  be  higher  than  Z;  when 
green,  its  place  will  be  higher  ftill,  and  fo  on  j  for 
the  yellow  rays  are  more  refrangible,  viz.  are  bent 
more  by  the  prifm  than  the  red,  the  green  more 
than  the  yellow,  &c. 

If  the  light  which  has  been  refrafbed  and  difperfed 
by  a  prifm,  be  received  again  upon  another  prifm 
AB^  Fig.  6.  which  muft  be  fituated  in  a  diredion 
perpendicular  to  that  of  the  former  j  the  fpeftrum 
will  by  that  means  be  removed  from  ics  original 
fituation  MN,  into  the  inclined  fituation  ZY,  but 
its  breadth  and  its  colours  will  remain  unaltered. 
Now  if  the  elongation  of  the  beam  of  white  light 
and  its  refoludon  into  different  colours,  were  a  mo- 
dificadon  of  light  produced  by  the  prifm  only, 

then 
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then  the  fecond  prifm  AB  ought  to  expand  the 
fpe^brum  in  breadth,  fo  as  to  form  the  qiMdrilateral 
bfoad  figure  ZmY  n  ;  but  inftead  of  that  we  find 
that  the  colours  and  their  breadths  remain  unal* 
tered ;  the  fpedirum  has  only  been  removed  from 
the  original  fituation  MN,  by  the  refradive  power 
of  the  prifm,  and  the  viokt  rays  have  been  removed 
rooft,  viz.  from'  M  to  Z,  becaufe  they  are  moft 
refrangible,  tlic  red  rays  have  been  removed  Icaft, 
viz.  from  N  to  Y,  becaufe  they  are  Icaft  refrangU 
ble,  and  the  other  colours  come  in  order  between 
thofe  extremes. 

If  the  refrafted  and  difperfed  beam  of  folar  light 
be  received  upon  .a  concave  refleftor  C  D,  Fig.  8. 
Plate  XX.  the  differently  coloured  rays  will  be 
reflcdcd  to  a  focus  A,  where  they  will  form  a  white 
or  colourlcfs  image  of  the  fun  5  but  if  any  of  the 
colours  be  (Topped  by  interpofing  a  wire  or  fomc 
other  opaque  and  Qendcr  body  between  the  prifm 
and  the  refledlor,  as  at  B,  then  the  image  A  will 
become  coloured  with  fome  mixt  colour.  This 
proves  that  white  light  confifts  of  coloured  rays  in- 
termixed in  a  certain  proportion  j  and  that  hj  a 
mixture  of  the  rays  of  the  fcven  primary  colours 
in  that  due  proportion,  white  light  is  produced. 
Therefore  white  arifes  from  a  certain  mixture  of 
colours,  and  blackncfs  arifes  from  a  ftoppage  or 
abforption  of  all  colours.  Beyond  the  focus  A,  the 
rays  are  fcparatcd  again,  and  the  image  s  co- 
loured. 
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If,  when  a  fpeflrurD  is  formed  by  the  light  whiclt 
has  pafied  through  a  prifm  upon  a  fcreen^  a  finatt 
bole  be  made  through  the  fcreen,  axxl  the  rays  of 
one  colour  only  be,  permitted  to  pafs  through,  it  oa 
the  other  fic^e  of  the  fcreen ;  then  whatever  is  viewed 
in  that  honK^neous  light  will  appear  of  that  par- 
dcular  colour.    Thua,   if  the  red  light  only  has 
pofie^  through  the  hole,  then  bloody  or  grafs,  oir 
milk,  &c.  viewed  in  that  light  behind  the  fcreen, 
will  all  appear  red,  excepting  that  the  blood  wilt 
2q>peara  ftronger  red  than  the  graisand  the  milk.  If 
the  blue  light  only  has  been  tranfmitted  through 
the  hole,  then  the  abovo-mentiooed  three  fab-* 
ftances  will  all  appear  blue;  and  the  like  thing 
muft  be  underftood  with  rcfped  to  the  other  co^ 
lours. 

If  this  homogeneal  light  behind  ilie  fcreen  be  re« 
ccived  upon  another  prifm,  it  will  be  refradted,  viz. 
bent,  but  not  difperfec^  by  it,  fo  that  it  will  form 
a  circular  (pot  of  one  uniform  colour  upon  the 
fcreen. 

If  two  boles  at  about  a  foot  diflraUce  from  each 
other-  be  made  in  the  ihutter  of  a  dark  room,  and 
two  prifms,  viz.  one  be  placed  to  receive  the  light 
at  each  of  thofe  holes,  two  fpcdrums  will  thereby 
be  formed  upon  tlie  fcreen  ;  and  by  turning  the 
prifms  gently  round  their  axes,  the  fpeftrurns  maybe 
cauftd  to  fall  one  upon  the  other.  Let  the  yellow 
of  one  fpe£lrum  fall  upon  the  blue  of  the  other* 
zpd  at  that  place  the  mixture  of  thofe  two  colours 

will 
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will  produce  a  green.  Let  a  fmall  hole  be  made 
cxa£Uy  at  that  place,  and  that  green  colour  will  pafi 
through  it  behind  the  fcreen,  and  will  form  a  green 
circular  image  upon  another  fcrcen  placed  to  re* 
ccive  it.  Now,  if  exaiftly  behind  the  perforation 
of  the  firft  fcreen  you  fix  the  refradling  angle  of  a 
prifm,  then  the  image  upon  the  fecond  fcreen  will 
not  only  be  moved  fix)m  its  place,  but  will  appear 
oblong  with  a  yellow  border  on  one  extremity,  and 
a  blue  border  on  th^  other  extremity ;  becaufe  tlut 
fpot  or  image  conlifh  of  two  primitive  colours  of 
different  refrangibilides.  The  fame  thing  muft  be 
underftood  of  any  other  colour  formed  from  a  mix- 
ture of  two  primitive  prifmatic  colours  ;  for  zny, 
two  of  thofe  colours  will  form,  or  rather  look  like^ 
an  intermediate  colour ;  thus  red  and  yellow  form 
an  orange,  blue  and  violet  form  an  indigo,  &c. 

If  the  fame  experiment  be  performed  with  one 
Iblar  fpeflrum,  viz.  a  (ingle  prifmatic  colour  be 
permitted  to  pafs  through  a  hole  in  the  fcreen,  and 
then  be  received  upon  another  fcreen,  the  image 
will  be  of  the  fame  colour,  for  inftance,  green>  and 
circular.  Now,  by  placing  a  prifm  behind  the 
perforation  of  the  firft  fcrcen,  the  green  image  will 
be  moved  from  its  place,  but  will  not  be  elongated^ 
nor  altered  in  colour,  becaufe  that  image  confifh  oC 
one.  uniform  primitive  colour  \ 


•  Newton's  Optics,  B.  L  Part  IL  Prop.  IV. 

This 
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This  flicws,  that  though  green  tnay  be  formed 
of  two  colours,  or  any  other  prifmatic  colour  may 
be  formed  from  two  other  colours,  yet  each  of  thofe 
colours  in  the  prifpiatic  fpeftnim  is  a  primitive, 
uniform  or  homogeneous  colour. 

When  a  perfon  looks  at  any  objeft  through  % 
prifm,  that  obje£b,  efpecially  if  it  be  a  white  one» 
and  well  illuminated,  will  appear  bordered  with 
colours  at  top  and  bottom  ;  the  realbn  of  which  ist 
that  the  colours  of  the  light  which  comes  from  the 
objed,  are  refra^ed  by  the  prifm,  and  more  or  lels 
according  to  their  difFercnt  refrangibilities :  hence 
not  only  the  whole  image  will  appear  in  a  place  dif- 
ferent from 'the  real  direction ;  but  the  blue  indigo 
ard  violet  colours  will  be  removed  more  than  the 
ltd,  orange,  &c.  Thus,  if  an  eye  O,  Fig.  9. 
Plate  XX.  looks  through  the  prifm  P,  at  apiece 
of  white  paper  A  B,  that  paper,  which  would  ap- 
pear white,  and  at  its  real  place  without  the  prifm^ 
will,  when  the  prifm  is  interpofed,  appear  elevated 
to  the  place  CE,  alfo  elongated,  and  terminated 
by  coloured  fringes  at  top  and  bottom  i  the  blue 
indigo  and  violet  being  at  top,  and  the  red,  orange, 
and  yellow  at  the  bottom ;  for,  in  truth,  the  prifm, 
by  refraAing  the  different  colours  difFcrendy,  forms 
feven  images  of  the  paper,  of  which  the  violet 
image  is  the  highefl,  the  indigo  next,  then  the  blue, 
the  green,  the  yellow,  the  orange,  and  loweft  of 
all  is  the  red  image ;  the  red  rays  being  the  leaft 
refrangible..    Now  it  is  eafy  to  perceive,  that  all 

thofe 


thofe  images  are  intermixed  towards  die  middle 
jhim,  where  of  courfe  die  paper  appears  white$  but 
they  begin  to  be  le(s  mixed  towards  im  and  gb^ 
where  of  cx)urfe  the  colours  begin  to  appear,  &c» 

It  is  necefTary  to  menuon  in  this  place  an.obier" 
vation  concerning  the  reSeflion  of  light,  which 
could  hot  ha¥i?  been  well  explained  previous  to  the 
theory  of  the  diflfcrent  refrangibilities  of  coloured 
rays ;  for  this  purpoie  we  muft  alfo  preoiiic  a  ufeful 
pra6Hcal  method  of  tracing  a  ray  of  light  through 
a  prifm,  or  in  general  through  any  refrading  me- 
dium. 

Let  H  I  K,  Fig.  i  o.  Plate  XX.  reprefent  a 
glafs  prifm,  whofe  angle  at  H  is  equal  to  60%  and 
A  B  a  ray  of  light,  which  coming  through  a  narrow 
tube  A,  falls  upon  the  fide  of  the  prifm  at  B.  Draw 
L.BG  perpendicular  to  the  furface  of  the  prifm  at 
B,  then  ABL  will  be  the  angle  of  incidence,  which 
we  (hall  fuppofc  equal  to  38".  Find  in  the  trigono- 
metrical  tables,  the  fine  of  38%  which  is  61566; 
then,  bccaufc  the  fioQ^of  incidence  is  to  that  of  re- 
firadlion  from  air  into  glafs,  as  3  to  2  *,  fay,  as  3  is 

•  In  this  place  wc  have  adopted  the  ratio  of  3  to  2,  tor 
the  fake  of  avoiding  fradions ;  but  it  is  evident  that  any 
otiicr  ratio  may  Ih:  ufed  ;  and  in  prafS^ice  tlic  ratio  of  the  fine 
of  incidence  to  that  of  refraction  for  any  particular  iubftance 
ir.ult  betaken  from  the  tabic  in  page  176;  and  when  ac- 
curacy \%  required,  the  ratio  for  any  particular  coloured  ray 
of  light  may  be  deduced  from  the  difpcrfive  property  of  the 
fubftancc  in  queftion,  which  is  obtained  from  the  fame  table, 
and  from  what  has  been  faid  in  page  184. 

to 
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to  2»  fo  is  6i'566  to  a  fourth  proportiona},  viz.  ta 
410449  which  is  the  fine  of  34%  14^  (as  appear^ 
from  the  trigonometrical  tables);  therefore  make 
the  angle  GBC  equal  to   24%  14^  and  BC  is 
the  courfe  of  the  beam  of  refra6t(Sd  light  through . 
the  prifm.     Produce  B  C  until  it  meets  the  fide  o# 
the  priim  at  Ci  and  through  C  draw  the  perpendi- 
cular P  C  £  to  the  furface  of  the  prifm ;  tlicn  F  C  B 
is  the  angle  of  incidence  upon  that  furface,  which 
being  aieafuFedy  will  be  found  equal  (fine  e  the  angle 
at  H  is  equal  to^Sol")  to  35%  46',  and  its  fine  (be* 
ing  found  in  the  table)  is  58449.     New,  fince  the 
fine  of  the  angle  of  incidence  is  to  that  of  refradion 
from  air  into  glafs  as  3  to  2  ;  therefor  .%  from  glals 
into  ur,  it  is -as  2  to  3  :  hence  you.mt'<fl  fay,  as  2  is 
to  3,  fo  is  the  fine  of  F  C  B,  viz.  584.  ^g^  to  a  fourth 
propordonal,  viz.  to  87673,  which  iri  the  table  will 
be  found  to  be  the  fine  of  6 1%  1 5.'.      Therefore^  if 
pu  noake  the  angle  E C  D  of  6i<» ,  15',  CD  will 
be  the  mean  courfe  of  the  ray  of  I'ight  after  it  has 
pafled  through  the  prii'm. 

This  method  is  evidently  applic  able  to  glaflcs,  or 
other  tranfparent  mediums,,  of  an  y  given  form. 

The  phenomenon  refpcfting  the  refledion  of 
fight,  which  we  promifcd  to  mention,  is,  that 
when  rays  of  light  proceed  t  hrougli  a  medium, 
which  is  furrounded  by  a  thi-  mer,  or  rather  by  a 
Icfs  rcfraflave  medium,  and  if  it  impinges  upon  the 
finface  at  a  great  angle  of  i  ncidencc,  viz.  much 
inclined  to  that  furface,  then  ti  lofc  rays  will  not  pafs 

intci 
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into  the  thinner  medium,  but  will  be  reflefted  from 
the  furface  of  the  denfer  medium.  And  the  moft 
refrangible  rays,  viz.  the  violet^  indigo,  &c.  will  be 
found  to  be  the  moil  reflexible^  and  vice  ver/a.^^ 
The  following  illuftration  will  (hew  the  meanii^ 
ibid  the  reafbn  of  the  ailertion. 

Let  a  beam  of  light,  coming  from  an  hole  at  A, 
Fig.  II.  Plate  XX»  fall  perpendicularly,  ornearly 
fo,  upon  the  fide~E  D  of  a  glafs  prifm,  in  which  cafe 
the  beam  of  light  will  not  be  refraded,  but  will 
proceed  ft.raight  into  the  glais,  and  will  &11  upoo 
the  fur&ce  or  boundary  GD,  between  the  glaft 
prifm  and  tlte  air.  Now  if  the  angle  of  inclination 
BCD  be  fi nailer  than  about  49%  or,  which  comes 
to  the  fame  thing,  if  the  angle  of  incidence  O  C  B 
be  greater  than  about  41%  then  the  beam  of  light 
ABC,  inftead  of  pafTmg  out  of  the  prifm  at  C  into 
the  air,  will  t^  rcflcftcd  towards  C  F.  Suppofcj 
for  inftancc,  tl  mt  the  angle  of  incidence  B  C  O  is 
56%  its  fine  will  be  82920  j  then  fay,  as  a  is  to  3, 
fo  is  82920  to  a  fourth  proportional,  viz.  to 
124380,  which  exceeds  the  radius  or  fine  of  a 
right  angle;  thel^fore  the  angle  of  rcfraftion  PCH 
inuft  be  greater  t.han  a  right  angle,  viz.  the  beam  of 
light  cannot  come  cut  of  the  furface  G  D,  but  muft 
be  reflcftcd  towai  xis  F,  and  that  is  the  cafe  when« 
ever  the  fine  of  refi!*aftion  exceeds  the  radius. 

By  turning  thd  prifm  gently  round  iu  axis,  it 
will  be  found  that  \?hilft  the  angle  BCO  is  left 
than  41%  all  the  lig)it  will  pafs  out  of  the  prifm 
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it  C ;  but  by  increafing  that  angle  ftill  farther,  you 
will  find  that  the  violet  rays  will  begin  to  be  refleded 
firli^  whilft  the  others  pafs  through,  then  the  indigo 
rays  will  be  refleded,  &c«  and  lafl:  of  all  the  red 
rays  will  be  refleded ;  becaufe  the  ratio  of  the  fine 
of  incidence  to  that  of  refia£tion  is  greateft  for  the 
twlet  rays,  and  leaft  for  the  red  rays. 

The  different  refraAive,  and  different  difperfivc 
powers  of  the  various  tranfparent  mediums^  which 
at  firft  fight  might  be  confidered  as  an  imperfe£tion 
of  great  obftruAion  to  the  improvement  of  prafti- 
csd  opdcsy.  havc»  on  the  contrary,  been  the  means 
of  improving  certain  optical  inftruments  to  a  very 
confiderable  degree.  The  imnnediate  application 
of  tilt  principles  to  the  conftruAion  of  thofe  in* 
ftruments  will  be  explained  An  a  fubfequent  chap- 
ter; but  we  fhall  in  the  prefent  chapter  en- 
deavour to  explain  the  principles  upon  which  it 
depends. 

The  principal  ufe  of  moft  of  the  optical  inftru- 
ments is  to  render  objefts  more  perceptible  to  our 
eyes  than  they  are  without  their  affiftancej  and 
that  end  is  in  general  obtained  by  bending  (viz. 
rcfradling)  the  rays  of  light,  fo  that  a  greater 
quantity  of  thofe,  which  iffue  from  any  given  ob- 
jeft,  may  enter  our  eyes,  and  may  alfo  form  a 
larger  vifual  angle.  But  by  the  bending,  or  the 
refradion,  light  is  feparated  into  coloured  rays; 
therefore  the  objefts  which  are  viewed  by  any  re» 
frafted  light,  muft  appear  coloured  irregularly  and 
VOL.  1 1  It  o  differently 
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differently  from  what  they  really  are.  And  tbub 
ftridly  fpeaklDg,  is  afhially  the  cafe ;  yet  when  th$ 
light  Js  not  much  refradbed,  the  difperfion  or  repa- 
ration of  colours  is  fo  trifling,  that  the  eye  take^ 
no  notice  of  it,  or  fuffers  it  without  inconveniencci 
But  when  tlie  light  is  much  refraded,  tlien  the 
difperfion  of  colours  becomes  hurtful  and  URr 
pleafant. 

Now  a  method  has  been  contrived  (from  the  va- 
rious refra£tive  and  difperfive  powers  of  transpa- 
rent mediums,  and  efpecially  of  crown  glafs  and 
flint  glafs)  of  prevendng  the  difperfion  at  the  Hamc 
tirpe  that  the  rays  are  bent  or  refra£ked*  .  The  fol- 
lowing paragraphs  will  (hew  in  what  manner  this 
effeft  can  be  produced  by  a  combination  of  rt- 
fra£Ung  mediums. 

The  reader  is  requcfted  to  recoiled,  ift,  that 
different  tranfparent  mediums  have  different  re- 
fraftivc  powers;  adly,  that  they  have. different  dif- 
perfive powers ;  and  jdly,  that  in  the  fame  me- 
dium the  angle  of  difperfion  becomes  larger  or 
fmaller,  according  as  the  angle  of  rcfraftion  is  in- 
creafcd  or  diminifhed. 

Let  ABC,  fig.  13.  Plate  xx.  be  a  prifm 
of  crown  glafs,  and  D  E  a  beam  of  light  falling 
upon  it,  which,  by  pafllng  through  the  prifrnj  is 
dil'perfed  into  the  coloured  pencil  F  G  I.  If 
another  prifm,  in  every  refpeft  equal  to  the 
•former,  were  placed  clofe  to  it,  but  in  a  contrary 
pofition,  fuch  as  is  indicated  by  the  dotted  reprefen- 

tauoQ 
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tation  B  K  C ;  then  chis  fccond  prifm  would  uhdo 
what  has  beeo  done  by  the  firfl-,  vis.  the  rays  fepi- 
rated  and  bent  by  the  firft^,  would  be  colte£ted  and 
bent  the  Other  way  by  the  fecond ;  fo  that  the.  b^am 
of  li^t  would  emerge  out  of  the  feCond  prifni  in 
a  direction  parallel  to  DE,  and  without  being  al^ 
tered  in  .colour.  But  if  thfe  fecond  prifm  have  a 
difierent  refra£tive  and  a  difierent  difperfive  power, 
then,  notwithftanding  the  equality  of  die  figure  of^ 
the  prifms,  the  beam  of  light,  after  having  pailed 
through  both,  would  emerge  both  bent  and  co^ 
loured^  becaufe  the  (ccond  prifm  cannot  cxadUy 
coUnterad  the  eflPefl:  of  the  firft. 

Now,  by  altering  the  refraftivc '  angle  of  tht 
fecond  prifm,  viz.  by  making  it  larger  or  fmaller, 
die  angle  of  rcfraftion,  and  of  courfe  the  angle  of 
dtfperfion,  may  bie  increafed  Or  diminifhed.  If  the 
quantity  of  difpcrfion  in  the  fecond  prifm  be  ren- 
dered equal  to  the  angle  of  dilperfion  in  the  firil 
prifm,  then  the  ray  of  light  will  enrtcrge  without 
any  alteration  of  colour^  but  its  direftion  will  be 
inclined  to  its  original  direftion  D  E,  by  as  much^ 
as  the  rcfraftion  of  one  prifm  exceeds  that  of  the 
other,     'fhis  is  called  the  achromatic  refraStion  *. 


•  Hence  wc  have  the  achromatic  teUfcope^  viz.  a  telefcope 

which  does  not  alter  the  nacural  colours  of  the  objects  th;lt 

ire  Teen  through  it ;  whereas  other  telefcopes  with  glaflbs 

generally  introduce  the  prifmatic  colours,  efpecially  about 

the  edge  of  the  field  of  view. 
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On  the  contrary^  if  the  refrafHon  of  one  priftn 
be  rendered  equal  to  that  of  the  other  prifm,  then 
the  beam  of  light  will  emerge  with  its  mean  direct 
don  parallel  to  D£»  but  it  will  be  eolourfd»  or 
feparated,  by  as  much  as  the  difpertive  power  of 
one  prifin.  exceeds  that  of  the  other  prifm. 

The  attentive  reader  may  eafity  comprehend, 
that  either  of  thf  above-mentioned  e£Feds  may  alfo 
be  produced  by  a  combination  of  three  or  more 
prifms*. 

Having  explained  the  principal  properties  of  dhe 
rqgular  refining  mediums,  it  m^ht  perhaps  br 
expefted  that  an  accoont  of  thofe  fubftances. which 
have  a  double,    or    multiple    refrafting  power^ 

*  A  beam  of  folar  light,  refraAed  by  pafling, through  a 
prifm  of  crown  glafs,  the  refraSing  angle  of  which  is  30*, 
when  the  ray  of  mean  rcfrangibility  paflfes,  ox  enters  and 
emerges,  at  an  equal  diftance  from  the  vertex  of  the  prifiSi 
the  angle  of  diflipation  will  be  about  39'. 

If  a  prifm  of  flint  glafs,  iirfiofe  refra£Ung  angle  is  ajS 
40',  be  adapted  in  an  inverted  pofition,  as  in  fig*  14- 
Plate  XX.  to  a  prifm  of  crown  gla(s,  whofe  refi:aAiiy 
angle  is  25^;  a  beam  of  folar  light  will  emerge  at  A,  with 
its  mean  dircAion  parallel  to  D£,  viz.  it  will  pafs  ftraigb^ 
but  it  will  be  coloured  or  difperfed. 

But  if  to  thofe  you  add  a  third  prifm  of  crown  glafiy.tbe 
refrafiing  angle  of  which  is  10%  as  in  fig.  15.  Plate  XL 
then  the  emergent  beam  of  folar  light  will  deviate  by  about 
5%  37'i  ^oin  the  courfe  of  its  incident  part  DE,  but  it  will 
not  be  altered  in  colour,  viz.  it  will  be  white,  as  it  was 
before  h  entered  the  combination  of  prifms* 
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among  which  the  Ifland  x:r)rftal  is  the  moft  diftin- 
guiihed,  would  be  fubjoined :-  but  the  equivocal  na- 
ture of  thoie  fubftances,  the  unknown  caufe  of  their 
cfieds,  and  the  litde  ufe  which  is  made  of  them^ 
have  induced  nie  to  employ  the  fdllowing  pages  for 
more  ufefiil  purpofes;  and  to  refer  the'  inquifirive 
leader  to  the  work$,of  other  authors  *. 

With  refpeft  to  the  prifmatic  colours  feparately 
confideredj  it  may  be  obvioufly  obferved,  that  fome 
of  them  afiedt  our  eyes  more  po^^rfuUy  than 
others  i  or  in  other  words^  that  bbjeds  in  general 
may  be  feen  much  better  in  fome  of  them  than  in 
others ;  yet  the  precife  order  with  rcfpeA  to  their 
peculiar  illuminating  powerj  cannot  be  determined 
widiout  a  confiderable  number  of  accurate  obferva- 
tions. 

J  For  this  purpofe  a  prifmatic  .colour  muft  be  (e* 
parated  from  the  folar  fpeftrum,  viz.  by  permitting 
it  to  pais  through  a  hole  in  the  fcreenj  upon  which 
die  fpeftrum  is  projefted  by  the  prifm,  and  objefts 
muft  be  viewed  in  that  homogeneous  light  behind 
die  fcreen,  then  the  fame  objeds  mufl  be  viewed 
10  another  homogeneous  light^.  and  fo  on. 

Dr.  Herfchel,  who,  as  far  as  I  know,  has  made  the 
moft  recent  expcrimcrtts  upon  this  fubjeft,  after 
the  account  of  thofe  experimentSj  expreffes  himfelf 
in  the  following  manner  : 


•  PrieBiey's  Hiilory  of  ViftoiH  Light,  and  Colburs. 
Period  VI.  Sea.  VIII. 
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/'  From  thcfc  obfcrvations,  which  agree  uncom« 

.i 

'^  monly  welly  with  refpeft  to  the  illuminating 
^'  power  aiTigned  to  each  colour,  we  may  conclude^ 
*<  that  the  redrmaking  rays  are  very  far  from  having 
it  in  any  eminent  degree.  The  orange  pofleft 
nnore  of  it  than  the  red  i  and  the  yellow  rays  ^r 
*'  luminate  obje^s  ftill  more  pcrfeftly.  The  ma»- 
<^  mum  of  illumination  lies  in  the  brighteft  yellow, 
"  or  palcft  green.  The  green  itfelf  is  nearly 
*^  •  equally  bright  with  the  yellow ;  but,  from  the 
full  deep  green,  the  illuminating  power  decrealb 
very  fcnfibly.  That  of  the  blue  is  nearly  upon 
a  par  widi  that  of  the  red ;  the  indigo  has  much 
^^  lefs  than  tlie  blue  y  and  the  violet  is  veiy  dcr 
•^  ficient*/' 

I  (hall  conclude  this  Chapter  on  RefraAion,  by 
obferving,  that  befides  the  mediod  in  the  preceding 
page,  viz.  by  the  prifms  fimply  ufed,  the  refraAivc 
powers  of  tranfparent  mediums  may  alfo  be  deter- 
mined  by  other  means,  as  by  meafuring  the  focal 
diftances  of  lenfes  when  they  tranfmit  the  rays  of 
difierent  colours  fucccflively  j  by  empbying  otl^r 
inftruments  in  conjunftion  with  the  prifms,  &c.f 


•  Philofophical  TranCidfions  for  i8co,  page  267. 

t  See  the  defcriptions  of  thofc  methods  in  Prieftlcjr'i 
Hiftory  of  Vifion,  &c.  Period  V.  Scd.  VIII.  Chap.  D. 
Martin's  Optics  ^  Rochon'j  Rtcueilde  Mint,  fur  la  Mnuit* 
et  la  Phyfique ;  Mem.  fur  la  Mifun  de  la  Difperjion^  et  A 
la  Refra£lion^  &c. 
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CHAPTER    IV. 


or  TUB  INFLECTION  OP  LIGHTj  THE  COLOURS  OF 
THIN  TRANSPARENT  BODIES^  AND  OF  COLOURS 
in   GENERAL* 


LI G H Tj  in  pafilhg  within  a  certain  diilance 
of  the  furface  of  bodies^  is  bent  fo  as  to  form 
apparently  a  rectilinear  angle  at  that  place.  Thus 
if  a  fmall  hole  be  made  in  the  fhutter  of  a  window 
of  a  darkened  room,  and  the  light  of  the  fun  be 
permitted  to  pafs  through  it,  the  image  of  the  fun, 
or  white  fpot  which  is  formed  upon  a  fcreen  placed 
CO  receive  that  light  in  the  room,  will  be  found  to 
be  larger  than  it  ought  to  be  if  right-lined  rays 
proceeded  from  the  various  points  of  the  fun's  fur- 
face,  and  pafled  through  the  hole  to  the  fcreen ; 
hence  it  appears  that  they  are  bent  at  the  hole  -,  for 
odicrwife  the  image  would  be  fmaller  than  experi- 
ence ihews  it  to  be. 

If  a  folid  opaque  body,  fuch  as  a  hair,  a  (lender 
wirci  Sec.  be  placed  in  the  (Iream  of  light  within 
the  room,  the  (ize  of  the  (hadow  of  that  body  will 
belbund  different  from  what  it  ought  to  be  if  the 
rays  of  light  were  not  bent  in  palling  by  it.    This 
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bending  of  the  rays  of  light  by  palfing  not  through^ 
but  near  the  furface  of  a  body^  is  called  the  inflii^ 
iim  of  light.    It  has  alfo  been  called  £ffiraSion. 

The  phenomena,  which  rthte  to  this  lubjeA^ 
not  appearing  to  be  reducible  to  one  general  prin- 
ciple, wer^  particularly  examined  under  a  con- 
iiderable  variety  of  circumftances  by  Sir  Ifaac 
Newton ;  ye:  his  obfervations  were  not  quite  cor- 
red  i  nor  was  his  hypothetical  explanation  veiy 
plaufible. 

Subijbquent  experiments  and  obfervations  ieem 
to  reduce  die  phenomena  of  infleftion  to  a  fing|e 
principle,  namely,  to  the  attraction  of  bodies  to- 
wards light,  which  attraftion  becomes  confpicuoos 
when  the  rays  of  light  pafs  within  a  certain  diftance 
of  their  furfaces.  Be  fides  their  being  bent,  the  rays 
of  light  are  lijcewife  feparated  into  colours  by  the 
vicinity  of  bodies,  and  this  produces  the  Angular 
phenomenon  of  the  coloured  fringes  that  accom- 
pany the  inflexions.  But  previous  to  the  applica- 
tion of  the  hypothefis,  it  will  be  proper  to  defcribe 
the  principal  phenomena  of  the  inflexion  of  light/ 
and  for  this  purpofe  I  (hall  prefer  the  experiments 
of  a  recent  anonimous  writer,  which  appear  to 
have  been  inftituted  with  judgment  and  accu- 
racy ♦. 


«  Obfervations  concerning  the  Inflections  of  Light,  &c« 
London '1799. 
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«  In  fig.  1 6,  Plate  XX.  let  X  be 'the  hole 
(about  the  50th  part  of  an  inch)  of  the  light's 
pai&ge  into  a  darkened  room,  and  let  X  A,  X  B» 
be  lines  drawn  frooi  each  external  oppolite  edge  on 
one  fide  of  the  Iblar  difc,  to  each  external  oppoQce 
edge  on  the  contrary  fide  of  the  hole,  crofling  one 
another :  X  C  D  will  reprefent  the  beam  of  light 
after  its  paflage  through,  the  bole^  at  all  diftancei 
therefrom,  confiderably  larger  than  the  penumbra) 
cone  £  A  6* 

•'  At  feven  feet  from  the  hole  the  breadth  of  the 
beam  was  ^  parts  of  an  inch.  If  the  light  had 
HOC  been  bent,  that,  breadth  could  not  have  exceed- 
ed 4t-  Hence  it  muft  be  concluded,  that  the  light 
being  attraded  by  the  fides  of  the  hole,  is  inflected, 
and  of  courfe  cau(ed  to  proceed  more  divergingljr 
than  otherwUe  it  would  have  done. 

"  With  a  hole  one-tenth  of  an  inch  wide,  or* 
wider,  the  centre  of  the  beam  was  compofcd  of  the 
denle  dired  light  of  the  fun,  unchanged  in  its 
paflage  i  but  farther  therefrom,  towards  the  borders 
of  the  beam,  this  light  began  to  decreafe  in  dcnfity, 
and  gradually  decayed  more  and  moreen  the  ap- 
proaches nearer  and  nearer  to  the  borders,  becoming 
at  laft  confiderably  diluted  and  evanefcent,  and  ren- 
dering the  edge  of  the  beam  ill- defined  and  in- 
diftin£b. 

««  With  a  fmaller  hole  than  the  laft,  the  central 
denfe  light  entirely  difappeared,  and  with  a  hole  yet 
finaUer  than  this,  the  external  edges  of  the  beam 

became 
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became  more  condenfed  and  better  defined;  and 
the  whole  beam  of  light  became,  as  before  dcfcrib- 
cdj  of  more  uniform  denfity  in  all  its  parts.     With 
a  bole  fmaller  than  any  of  the  foregoing,  about 
^  4-cr  P^rt  of  an  inch  wide,  various  colours  began  to 
appear  in  the  beam,  the  central  parts  of  which 
'  became  now,  in  their  turn,  more  diluted  than  the 
reft,  the  external  parts  denfer  than  thefe,  and  bor- 
dered  with  tinges  of  yellow  and  red  light  on  the 
very  edge  or  margin  of  the  beam, 
*  ^\  All  thefe  appearances  are  to  be  afcribed  to  the 
fame  attractions  of  the  edges  of  the  holes,  and  of 
the  different  parts  of  the  edges.     Thefe,  when  die 
hole  is  large,  affe(5l  only  the  parts  of  the  light  paffing 
nearcft  to  them ;  when  the  hole  is  reduced,  they 
'  attrat^t  and  dilate  the  whole  of  the  paflTing  iighc  $ 
when  the  hole  is  yet  more  confiderably  diminiihed, 
they  a6t,  not  only  each  pare  upon  the  light  pading 
nearcft  to  each,  but  each  part  al(b  upon  the  light 
pafling  nearcft  to  each  oppofite  part  of  the  edgCt 
condenfing  by  diminifliing  the  attraftion  and  diflPu* 
fion  of  the  light  on  the  edges  of  the  beam,  and 
rendering  the  whole  more  equably  and  uniformly 
divergent,  and  thefe  at  laft,  when  the  hole  is  in  itsr 
moft  reduced  ftate  of  about  tv^  part  of  an  inch 
wide,  by  their  various  a6tions  produce  colours  in 
the  piaffing  light. 

'Mn  the  beam  of  folar  light  pafling  through  the 
fmall  hole  ^  part  of  an  inch  wide,  I  oblervcd  the 
ihadows  of  very  flcnder  bodies,  pinsj  needles,  ftrawsy 

hairs 
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halts  to  be  conGdcrably  broader,  as  they  ought  to  be 
in  this  divergent  light,  than  the  bodies  themfelves ; 
but  as  each  of  thcfc  bodies  excrcifes  upon  the  light 
pafling  by  it,  the  fame  attraflions  by  which  the 
light  is  bent  in  paffing  through  the  hole,  I  con^ 
eluded  that  a  part  of  the  light  would  be  in  every 
cafe  bent,  in  paffing  by,  towards  the  body  into 
the  (hadow^  and  illuminate  it  and  diminifh  its 
breadth. 

'*  Acrofs  a  beam  of  folar  light,  admitted  into  a 
dark  chamber  through  a  fmall  hole  in  a  tliin  piece 
of  lead,  nearly  -^  of  an  inch  wide,  I  interpofed  a 
hair  of  a  man's  head,  and  receiving  the  beam  on  a 
fcreen  or  (heet  of  white  paper  at  a  diftance,  and 
with  an  obliquity  convenient  for  the  purpofe,  I 
noted  the  following  appearances. 

«^  At  the  termination  of  what  may  be  confidered 
as,  and  therefore  may  be  called,  a  fhadow,  whofc 
intenfity  or  darknefs  was  not  confiderable,  the  fol- 
lowing orders  and  diftinftions  of  colours  appeared. 
Firft  and  neareft  to  the  dark  or  black  parts  of  the 
(hadow  might  be  fcen  a  diluted  blue,  changing  into 
a  breadth  of  white  light,  followed  by  breadths  of 
yelkw  and  red.  To  thefc  fucceeded  an  interval  of 
diluted  (hade,  then  breadths  of  diluted  violet,  blue^^ 
diluted  green,  yellow,  red ;  then  green,  diluted 
yellow,  red  j  diluted  green,  red  i  white,  diluted 
red  5  and  finally,  white  light.  Thefc  are  the  more 
general  orders  of  the  colours.  Of  thefc  orders,  the 
^rcc  firft  were  fufficiently  obvious  and  diftinft; 

the 
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the  laft  evanefccnt  and  requiring  accommodation  of 
circumftances  to  produce^  and  attention  to  perceive 
them. 

**  When  the  diftance  of  obfervation  from  the  hair 
v^as  very  fmall,  and  before  the  iirft  bright  ftrcak  of 
light  began  to  appear,  the  fhadow  of  the  h^r  was 
diftinft  and  well-deiinedj  and  of  intenfe  blacknefs,. 
At  a.  greater  diftance,  this  fhadow  appeared  to  be 
divided  by  a  parallel  line  of  light  throughout  its 
whole  length,  into  two  parts,  and  *  refembled  a 
double  fhadow,  or  the  fhadows  of  two  hairs,  but 
was  by  no  means  of  the  fame  degree  of  blapknefi 
as  was  the  fingle  fhadow  obferved  clofe  to  the  hair* 
At  flill  greater  dlftances,  it  increafed  in  breadth  aod 
dimihifhed  in  blacknefs,  whilft  the  tranfverfe  di- 
menfions  of  the  dividing  line  of  light  increafed  at 
the  fame  time,  until,  at  a  confide  rable  diflance  from 
the  hair,  this  intermediate  band  or  line  of  light  be* 
gan  to  put  on  the  appearance  of  colours  on  its 
edges,  and  to  affume,  on  both  fides  externally,  cafts 
of  yellowifh  and  reddifh  light.  By  further  mcrcafe 
of  diftance,  this  apparent  fhadow,  thefe  dark  inter- 
vals became  more  diluted,  and  of  nearly  the  fame 
colour  throughout,  the  line  of  light  more  and  more 
diffufed,  and  was  at  lafl  extinguifhed  by  the  extreme 
diffufion  and  ultimate  iovifibility  of  the  light  that 
produced  iL 

"  Whilft  at  all  thefe  different  diflancea  thefe 
changes  proceed  in  the  fhadow,  and  in  the  light 
nearefl  to  the  body,  in  the  other  adjoining  parts  of 

the 
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the  light  pafling  next  in  order  of  diftance  by  the 
hair,  confiderable  changes  alfo  are  produced. 

^  The  (hadow  that  firft  appeared  clo&  to  the 
hair  is  perfe6Uy  and  truly  a  Ihadow,  being  pro- 
duced by  the  interception  of  the  paffing  light  by 
the  hair. 

''  This  ibadow,  however^  quickly  ceafes  to  ap- 
pcatj  the  rays  of  light  neareft  to  it  on  both  fides  of 
die  hair  being  bent  into  it  at .  confiderable  angles 
of  iofleftion  and  difperfion,  and  crpfiing,  illumi* 
nadng  and  ezdnguiOiing  it. 

**  The  rays  of  light  are  not  only  bent,  they 
are  alfo  diftributed  or  divided  into  different  rays 
of  different  coburs,  in  angles  of  difperfion  greater 
as  the  diftances  are  leis,  and  lefs  as  the  diftances 
are  greater,  in  fuch  a  manner,  that  of  different  co- 
lours at  the  fame  diftance,  the  purples,  blues, 
greens,  yellows,  and  reds,  are  bent  towards  the 
body  I  the  purples  moft,  each  of  the  others  in  due 
fiicceflion  lefs,  and  the  reds  leafi:,  according  to  the 
order  of  their  ftatement,  and  of  colours  of  the 
iame  forts  at  different  diftances,  the  nearer  more 
than  the  more  remote,  and  the  more  remote  leis 
than  the  nearer.  So  various,  however,  are  the 
beodings  of  different  colours  at  different  diftances, 
diat  in  certain  diftincb  portions  of  light,  and  at  dif- 
ferent diftances  of  obfervation,  the  more  remote 
and  the  nearer  rays  of  different  colours  contained 
within  each  of  thofe  portions  or  divifions  of  the 
light,  become  varioufly  intermingled  with  each 

other, 
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other>  and  by  their  various  intermiztyres,  form  each 
of  t|ieic  divifions  into  particoloured  fringes^  whilft 
(he  rays  of  different  divifions,  never  mixing  with 
thofe  of  other  divifions,  the  intervals  of  die  divifions 
aire  prefcrved,  and  become  the  dark  intervals  which 
fcparate  the  fringes." 

I  have  tranfcribed  the  above  paflages  principally 
to  give  the  reader  an  idea  of  the  inflection  of  light  ill 
z  few  eafy  and  confpicuous  experiments  i  but  thefe 
gre  not  all  the  phenomena  of  inflexion,  nor  is  the 
lame  explanation*  entirely  new  or  applicable  to  them 
all.  Befides  Newton,  various  experiments  were 
made  relative  to  the  inflection  of  light  by  Maraldi, 
Grimaldi,  Deliile,  Mairan,  Du^  Tour,  Muichen^ 
broeck,  and  others  $  an  account  of  which  experiments 
the  reader  may  fee  in  Pricftley's  Hiftory  of  Vifion, 
Light,  and  Colours  *. 

Thin  plates  of  tranfparent  bodies,  elpecially  when 
they  are  not  of  an  uniform  thicknefs,  frequently  ex- 
hibit the  principal  prifmatic  colours  (viz.  fuch  co* 
lours  as  are  exhibited  by  the  refraftion  of  light 
through  a  prifm)  either  in  rings,  or  zones,  or 
mixt. 

All  the  phenomena  which  have  been  obferved 
relative  to  thefe  colours,  are  by  no  means  recon- 
cilable to  any  known  and  determinate  laws;  there- 
fore all  the  oblervations  ihould  be  fingly  and  duly 
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confidered  by  whoever  wilhes  to'inveftigate  the  na^ 
ture  of  thofe  phenomena,  or  to  difcover  new  fa6b. 
We  fiiall  however  only  give  the  following  fumitaary 
account. 

The  colours  that  are  feen  on  the  bubbles  of  iih- 
pure  water»  and  efpecially  of  a  foludon  of  foap»  are 
of  this  fort.  Thofe  bubbles  are  thin  veficles  or 
films  of  the  folution^  and  are  continually  varying  ia 
thicknels. 

When  two  flat  glafles^  and  efpecially  when  one 
which  is  a  little  convex,  and  a  flat  one,  are  gently 
preflbd  together,  coloured  rings  are  frequently  vi- 
£bk  about  the  point  or  points  of  contact  1  which 
have  been  fuppofed  to  be  produced  by  the  thin  filoi 
of  jur  that  remains  between  the  glaflfcs,  and  which  is 
of  various  thicknefs ;  yet  thofe  colours  are  vilible 
even  when  the  glaflles  are  under  the  exhauflied  re- 
ceiver of  the  air-pump. 

Meullic  plates,  glafles,  &c.  flightly  moiftened 
with  moft  liquors,  frequently  exhibit  fuch  colours. 
Thin  plates  of  talk,    or  Mufcovy  glafs,   do  the 

lame. 

The  caufc  of  thofe  phenomena  has  been  attri- 
buted by  Newton  to  certain  difpoQtions  of  the  rays 
of  light,  which  he  called  fits  of  eafy  tranjmijfion  and 
of  eafy  refleaiofti  —  a  ftrangc  hypothefw.  Other 
perfons  have  attributed  it  to  refraftion  or  to  re- 
fleftion  only:  the  duke  de  Chaulnes  attributed 
fomc  of  thofe  cffcfts  to  the  inflexion  of  the  rays ; 

and 
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and  a  recent  anonimous  writer  has  adopted  and  ex^* 
tended  the  ftmc  idea  ♦. 

In  order  to  give  my  readers  a  competent  idea  of 
thofe  phenomena,  I  fhall  fubjoin  a  few  of  die  moft 
ftriking  &6ts. 

Sir  Ifaac  Newton  took  the  object  glafles  of  two 
telefcopes,  one  a  plano-convex  for  a  teleicope  of 
14,  and  the  other  a  double  convex  for  a  telefoope 
of  about  50  feet^  laid  the  latter  upon  the  flat  iide 
of  the  former^  and  prefled  them  gendy  againft  each 
other.  Circles  of  colours  immediately  appeared 
about  the  point  of  contadb,  which  increafed  in 
number  and  in  (ize  when  the  prefliire  was  increaftdf 
and  vice  verja.  The  colours  appear  more  vivid 
nearer  to  the  central  fpot,  which  is  black  and.co* 
lourlefs,  and  more  dilute  in  proporucn  as  they 
recede  from  it.  When  the  glaflfes  were  very  much 
prelTed  againft  each  other.  Sir  Ifaac  found  the  co- 
loured circles  to  be  of  unequal  bread  ths>  as  in 
fig.  17.  Plate  XX.  where  the  letters  a^  by  r,  d^  e,  f^ 
&c.  indicate  the  colours  in  the  following  order,  which 
commences  from  the  centre  a.  Black,  blue,  white^ 
yellow,  red ;  violet,  blue,  green,  ycHow,  red  5  purple, 
blue,  green,  yellow,  rcdi  green,  red;  greenifti  blue, 
red ;  greenilh  blue,  pale  red  \  greenifli  blue,  redifh 
white  t- 

•  See  Prieftley's  Hiftory  of  Vifion,  Light,  and  Colours, 
P.  VI.  Scft.  V.  Alio,  New  Obfcrvations  concerning  the 
Colours  of  thin  tranfparent  Bodies,  &c.     London  i8oo. 

+  Ncwtou's  Optics,  B.  II.   P.  I.   OKerv.  IV. 
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•*  The  Abbe  Mazeas  obfcrved,  that  if  the  fur- 
ficcs  of  flat  pieces  of  glafs  be  tranfparcnt,  arid  w^ll 
poli(hed>  liich  as  are  ufed  for  mirrors,  and  the 
prefliire  be  as  equal  as  poflible  on  every  part  of  the 
two  furfaces,  a  rcfiftancc  will  foon  be  perceived, 
ithen  one  of  them  i^  made  to  Aide  over  the  other, 
fometimes  towards  the  itliddle,  and  fometimes  towards 
the  edges  }  but  wherever  the  refiftance  is  felt,  two  or 
direc  very  fine  curve  lines  will  be  perceived,  fome 
of  pale  red,  and  others  of  a  faint  green.  Continu- 
'  ilig  the  firiftion,  thefe  red  and  green  lines  increafe 
in  number  at  the  place  of  contad,  the  colours  being 
ibmedmes  mhed  without  any  order,  and  fometimes 
diijpoicd  in  a  r^lar  manner.  In  the  lad;  cale,  the 
coloured  lines  are  generally  concentric  circles,  or 
dlipfes,  or  rather  ovals,  more  or  lefs  elongated,  as 
the  furfaces  are  more  or  lefs  united.  Thefe  figures 
will  not  fail  to  appear  if  the  glafies  be  well  wiped 
and  warmed  before  the  frifbion. 

**  When  the  colours  are  formed,  the  glafles  ad- 
here with  confiderabie  force,  and  would  always  cdn-^ 
tinue  fo,  without  any  change  in  the  colours.  In 
die  centre  of  all  thofe  ovals,  the  longer  diameter 

w 

of  which  generally  exceeds  ten  lines,  there  appears 
a  (ifnall  place  of  the  fame  figure,  exaAly  like  a  plate 
of  gold,  interpofed  between  the  glafies;  and  in  the 
centre  of  it  there  is  often  a  dark  fpot,  which  abforbs 
all  the  rays  of  light,  except  the  violet;  for  this  colour 
appears  very  vivid  through  a  prifm. 
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"  If  the  glaflcs  be  feparaied  fuddenljr^  cither  by 

Aiding  them  horizontally  One  over  another,  or  by 

the  adion  of  fire,  the  colours  will  appear  imniedi- 

♦  ately  upon  their  being  put  together,  without  tlic 

Icaft  fridion, 

**  Beginning  by  the  flighteft  touch,  and  increafing 
the  prcflure  by  infenfible  degrees,  there  firft  appears 
an  oval  plate  of  a  faint  red,  and  in  the  centre  of  it 
a  fpot  of  light  green,  which  enlarges  by  die  preflure, 
and  becomes  a  green  oval,  with  a  red  f{X)C  in  the 
centre ;  and  this  enlarging  in  its  turn,  difcovcrs  a  ; 
green  fpot  in  its  centre.  Thus  the  red  and  the 
green  fucceed  one  another  in  turns,  aflunfiing  dif- 
ferent (hades,  and  having  other  colours  mixed  wic^ 
them. 

"  The  greateft  difference  between  thefe  colours 
exhibited  between  plane  furfaces  and  thofe  by  curve" 
ones  is,  that,  in  the  former  cafe,  preffure  alone 
will  net  produce  them,  except  in  the  cafe  above- 
mentioned.  With  whatever  force  he  compreflcd 
them,  his  attempts  to  produce  the  colours  were  in 
vain,  without  previous  friftion.  But  the  reafon  of 
this  plainly  was,  that  witJiouc  Aiding  one  of  the 
glafics  over  the  Other,  they  could  not  be  brought  to 
approach  near  enough  for  the  purpofe. 

"At  firft  the  Abbe  Mazeas  had  no  doubt  but 
that  thefe  colours  were  owing  to  a  thin  plate  of  air  ' 
between  the  glafles,  to  which  Newton  has  afcribed 
them  ;  but  the  reniarkable  difference  in  the  circum- 
fiances  attending  thefe  produced  by  the  flat  plates, 
'^  and 


and  thofe  produced  by  the  otyeft  gladfes  of  Newton> 
convinced  him  that  the  air  was  not  the  caufe  x)f 
this  appearance.  The  colours  of  the  flat  plates 
▼aniflied  at  die  approach  .of  .flame^  but  thofe  of 
the  obje&  glaffirs  did  not*  He  eren  heated  thefe 
dU  that  which  was  next  to  the  flame  was  cracked 
by  the  hcati  'before  he  could  obferve  the  leaft  dila- 
tation of  the  coloured  rings.  This  difllerence  was 
not  awing  to  the  plane  glaflS^s  being  lefs  comprefied 
than  the  convex  ones ;  for  though  the  former  were 
compirfled  ever  to  much  by  a  'p»r  of  fi>rcep5> 
it  did  not  in  the  leaft  hinder  the  eflfed  of  die 
flame  V 

The  coloured  circles,  fuch  as  have  been  men- 
doned  above>  feen  by  reflected  light,  are  mudi 
more  vivid  and  dif^n^:  than  thofe  feen  by  tranf- 
micced  light. 

The  rings  fcen  by  refle^on  generally  are  dif- 
ferently coloured  fix)m  thofe  made  by  tranfmitted 
li^t.  White  in  the  latter  cafe  is  oppofed  to  black 
in  die  former,  red  to  blge,  yellow  to  violet,  and 
green  to  a  compound  of  red  and  gfeen. 

The  more  obliquely  the  rings  are  viewed  in  eith<ir 
cafei  die  larger  they  appear  to  be. 

When  water  is  caufed  to  rife  between  the  glafles. 


Aim 


*  Pricftlcy's  Hiftory  of  Vifion,  Light,  and  Coloivs, 
Part  -VI.  Se£t.  V.  wherein  the  reader  will  find  a  great 
many  odicr  particolars  relpefiing  thofe  experiments,  a$  alfo 
finilar  expetfmtnti  made  by  other  perfons. 
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the  brightnefs  of  the  colours  is  thereby  much  dimU 
nilhcd.  Alio  the  rings  contra£t  in  number  and 
breadth. 

Newton's  theory^  principally  eftablifbed  upon  the 
above-mentioned  phenomena  of  thin  plates,  has  bag 
been  thou^t  to  afibrd  a  fufficient  explanation  of  the 
various  colours  which  are  exhibited  to  our  eyes  by 
the  difi^rent  bodies  of  the  world. 

According  to  that  theory,  all  colours  are  fuppoied 
to  exifl  in  the  light  of  luminous  bodies  only,  fudi 
as  the  fun,  a  candle,  &c.  and  that  light,  felling  io- 
cel&ndy  upon  different  bodies,  is  feparated  into  its 
primitive  colours,  fome  of  which  are  abibribed, 
whilft  others  are  incellantly  reflected ;  fo  that  die 
bodies  which  appear  red  to  us,  are  fuch  as  abfbrb 
all  the  other  colours  of  white  light,  and  refleft  the 
red  rays  only.  Thofe  which  appear  green  to  us 
have  the  property  of  abforbing  all  the  coloured  rays, 
excepting  the  green.  Thofe  bodies  which  appear 
not  of  any  primitive  colour,  have  been  fuppoied 
to  rcfied):  fuch  of  the  primitive  colours,  and  in 
fuch  proportion  as  to  produce  their  mixt  co- 
lours, &c. 

So  far  the  hypothefis  feems  to  be  warranted.by 
fome  of  the  experiments  that  have  been  roendoned 
in  the  preceding  chapter ;  but  the  next  ftep  is  le(s 
evident,  even  to  the  eyes  of  fency.  It  was  fuppofed 
that  the  particles  of  all  bodies  confifl:  of  very  thin 
and  tranfparent  plates,  or  laminae,  which  refled  or 
traniinit  one  colour  or  anothcrj  jaccording  to  their 

thicknefs  i 
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tliickiiefs  ;  that  the  thinner  produce  the  more  vivid 
colours  ;  and  that  the  colours  of  ^ome,  plates  vary 
according  as  the  eye  changes  pofidon,  whilft  thofe 
of  others  are  fteady  and  uniform. 

A  clofe  examination  and  applicatbn  of  this  doc- 
trine to'  a  variety  of  phenomena,  which  have  been 
obfinrved  by  various  ingenious  perfons>  efpecially  of 
the  prefent  age,  render  this  theory  of  colours  doubt- 
ful ia  almoft  all  its  parts.  In  the  firft  place^  it  may 
be  doubted  whether  there  really  are  only  feven 
diftin&.  primitive  colours,  or  an  indefinite  number 
of  them,  which  are  perhaps  produced  by  feme  un- 
known  modifications  of  white  light.  The  breadths 
and  the  gradations  of  the  fuppofed  feven  primitive 
colours '  in  the  prifmatic  fpeftrum>  are  the  greatefl: 
foundation  for  the  above-mendoned  doubt.  With 
refpeA  to  the  thin  tranfparent  plates,  of  which  all 
bodies  are  fuppofed  to  confift^  we  are  gready  in 
want  of  experimental  confirmation ;  and  even  if  we^ 
were  fure  of  their  exiftence,  it  would  be  difficult 
thereby  to  explain  how  are  the  fixed  and  un- 
changeable colours  produced  by  them,  in  all 
dire&ions.  Such  doubts  may  be  fcen  in  all  the 
modem  writers  on  opdcs,  to  whofe  works,  which 
are  principally  to  be  found  in  Tranfadtions  of  So- 
cieties, Journals,  &c.  Ifhall  refer  the  inquifidve 
reader,  who  may  wiih  to  be  farther  informed  on  the 
fubjedV,  or  to  extend  our  knowledge  of  nature ; 
whilft  I  fubjoin  fome  more  remarkable  fa&s  relauve 
to  colours. 

#3     .  The 


ai4  Of  ^^^  Jnfieifion  of  Lights  &^r* 

The  changes  of  colour  in  the  fame  body,*  wind 
are  produced  either  by  pofition,  or  by  a  change  of 
quality  in  the  body  itfelf,  never  fail  to  ftiikedie 
obferver  with  admiration  and  pleaftHv. 

With  refpeft  to  the  change  by  pofickui,  it  has 
been  obferved  th^t  certain '  folids,  and  efpeciaSjr 
certain  fluids>  appear  of  one  colour  by  reSeficd 
light,  and  of  another  colour  by  tranfmitfed  U^Cj 
the  reafon  of  which  is,  that  if  they  refleft  all  the  layi 
of  one  or  of  certain  primitive  colours,  the  Bghli 
which,  by  paffing  through  them,  comes  to  our  eye?, 
mud  exhibit  other  colours >  for  it  has  been  deprived 
of  thofe  colours  which  have  been  reflected  from  die 
anterior  part. 

Mr.  Boyle  obferves,  that  if  an  infiifion  ofl^htm 
Tiephriticum  be  put  in  a  glafs  globe,  and' be  expofed 
to  a  ftrong  light,  it  will  be  as  colourlefs  as  pur^ 
water;  but  if  it  be  carried  into  a  place  a  \\fAc 
(haded,  it  will  be  a  moft  beautiful  green.  In  ^ 
place  ftill  more  ihaded,  it  will  incline  to  red,  and  in 
a  very  fliady  place,  or  in  an  opaque  veffcl,  it  wilt 
be  green  again.  If  it  be  held  direftly  between  the 
light  and  the  eye,  it  will  appear  tinged  (excepting 
the  very  top  of  it,  where  a  (ky  coloured  circle  ibme- 
times  appears)  almoft  of  a  golden  colour,  except 
the  infiifion  be  too  ftrong,  in  which  cafe  it  will  be 
dark  or  reddifh,  and  requires  to  be  diluted  with 
water.  But  if  it  be  held  from  the  light,  fo  that 
the  eye  be  between  the  light  and  the  phial,  it 
will  appear  of  a  deep  lovely  blue  colour,  as  will 
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alfo  the  drops,  if  any  lie  on'  the  outfide  of  the 
glafs. 

The  changes  of  colour  which  arc  produced  by 
mixtures,  by  boiling,  heating,  pounding,  &c.  are 
fo  common,  and  fo  remarkable  as  to  come  within 
every  body's  npticei  43ut  the.  reafon  of  fuch  changes 
has  been  differently  accounted  for  by  difFcrejit  phi- 
lofbphers.  One  of  the  mod  plaufiblc  theories  is, 
that  an  attenuation  of  the  particles  of  a  given  body 
changes  from  the  violet,  or  from  fome  colour  nearer 
to  the  violet,  to  fome  other  colour  nearer  to  the 
red,  in  thi  order  of  prifnnatic  colours  j  ai)d  vice 
V€rja^  the  thickning  of  the  particles  changes  the 
colours  in  the  contrary  order  *• 

If  to  the  diluted  fyrup  of  violets  you  add  fome 
drc^  of  acid,  the  liquor  becomes  red;  add  a  fmall 
quantity  of  carbonated  pot-s^Oi,  and  it  becon>es 
green. 

To  a  folution  of  fulphate  of  copper  add  a  few 
drops  of  ammoniac,  and  the  liquor  becomes  blue  i 
add  a  litde  nitric  acid,  and  the  blue  colour  va- 
mflies. 

A  vaft  number  of  fuch  changes  is  obferved  in 
chemlftry,  and  are  dated  in  almod  all  the  chemical 
works  \. 


'■<  ■ ' 


*  Sec  Delaval  on  Colours  5  alfo  fee  his  Paper  on  Colours, 
in  the  fecond  volume  of  Memoirs  of  the  Manchefter  Philo* 
ibphkal  Society. 

f  See  Prieftley*s  Hiftory  of  Vifion,  Light,  and  ColourS| 
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or   LBNSESj   AHD   OF  THEIR   EFFECTS. 


THE  refrangibility  and  reflexilyiHty  Qf  light 
are  the  prbpcrries  upon  which  the  conftru6tion 

I  • 

of  the  molt  ufeful  and  moft  furpriQng  optical '  in« 
ftrunrients  depends.-  Of  the  various  parts  of  the 
mechanifms,  thofe  which  depend  upon  reflcftion, 
viz.  the  mirrors,  have  been  fufficiently  explained  in 
the  preceding  pages.  It  is  now  neceflary  to  enu- 
merate, to  defcribe,  and  to  explain  the  afbions  of 
thofe  which  depend  upon  refraftion. 

The  principal  fhapes  of  the  latter  are  compre- 
hended under  three  generic  names,  viz.  /at  plates, 
p'ijms,  and  lenfes.  The  flat  plates  need  no  parti- 
cular defcription ;  the  prifms  have  been  defcribed 
in  the  preceding  chapter;  the  lenfcs  will  be  dcr 
^cribed  in  the  prcfent. 

A  thin  piece  of  glafs,  or  of  any  other  tranfparent 
medium,  having  at  leaft  one  concave  or  convex 
fpherical  furface,  is  called  a  lens.  The  different 
forms  of  lenfes  and  their  peculiar  appellations  are 
jipriyed  from  the  figure  of  their  fur&ccs,  which  rtay  . 

be 
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be  cither  flat,  or  convex,  or  concave^  or  *  mixt : 
hence  we  have  fix  forts  of  lenfes,  fcdtions  of  which 
are  exhibited  in  fig.  i8>  Plate  XX.  and  in  the 
order  in  whioh  they  are  nominated,  viz.  th^.plano^ 
imuexp  the  flano^cmcavey  the  douile  convex,  the 
dfuUe  ctmcavey  the  concavo-convex,  and  the  menifcus, 
vhich  is  like  wife  a  concavo-convex,  but  difiers 
from  the  preceding  by  its  having. the  radius  of  the 
convexity  fmaller  than  that  of  the  concavity>  in 
conieqoence  of  which  its  edges  are  (harp,  ahd  jti 
fe&ion  refembles  the  new  moon. 

The  middle  point  of  each  of  thofe  len(es»  when 
the  lenies  are  thin^  is  called  its  centre.  A  (Iraight 
line  pafling  through  that  centre^  and  perpendicular 
to  both  furfaq^s  of  the  lens,  as  the  line  H  G  is 
Qdled  its  axis.  The  points  C>  D,^  on  the  furfaces 
of  the  lenies,  where  the  axis  cuts  the  fgrfaces,  are 
called  the  vertexes  of  the  lens.  But  when  the  lens 
is  pretty  thick,  and  its  furfaces  cf  unequal  curva- 
tures, then  the  centre  of  the  lens  is  nearer  to  one 
vertex  than  to  the  other,  by  as  much  as  the  radius 
of  curvature  of  the  former  furface  is  lefs  than  that 
of  the  other* 

It  is  evident,  on  the  leaft  reflexion,  that  the  axis 
muft  pafs  through  the  centres  of  convexity  or  con* 
cavity,  viz.  of  the  fpheres  of  which  the  fur&ce  or 
furfaces  of  the  lens  are  a  portion ;  unlefs  the  lens  be 
irregularly  formed,  as  in  fig.  19,  which  would  be 
ufelels  for  optical  inftruments,  and  which  is  fre^ 
qiaently  found  xq  be  the  cafe  in  pra^icCf 

ypj.?  III.  ?  5  When 
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When  a  ray  of  tight  falls  perpendicularly  upon 
^e  vertex  of  a  lens,  viz.  coincides  with  the  axis^ 
HC,  it  muft'  evidently  pafs  ftraight  through  the 
lens  widiout   fufFcring  any  refradion    (fee  page 
i'68  &  17 1.) >  b^  sfhtn  it  falls  obliquely  upon  it, 
then  it  muft  enaerge  oiit  of  the  lens  in  a  diredioii 
inclined  to  its  former  direction.     Thus  c(  the  rayr  of 
light,  wbich^  ilTuing  from  the   luminous  point  A, 
fig.  20,  Plate  XX.  fall  upon  the  lens  B  E,  the  ray 
A  Gs  which  proceeds  ^in  the  direftion  of  the  axis 
of  the  lens,  muft  pafs  ftralght  through  it ;  but  the 
ray  A  B,  filing  obliquely  upon  the  furface  of  the 
lens,  rayflb  b^  refraded,  viz.  bent;  and  if  (he  lens 
be  a  plano-convex,  or  double  convex,  that  ray  muft ' 
be  bent  inwardly,  viz.  towards  the  axis  (as  may 
he  traced  by  means  of  the   method  defcribed  in 
page  190.);  confcqueiuly  it  muft  cut  the  axis  at 
fomc  point  F.     Now  that  point  F  is  called  the 
refra£ied  focus  of  that  ray,   or  rather  of  the  rays 
A  B,  A  E,  &c.  which  fall  upon  the  lens  at  equal' 
diftances  from  die  axis  A  C  ;  it  being  evident  diat 
they  muft  all  meet  and  crofs  at  the  fame  point  F| 
whereas  the  point  A  is  called  chc  radiant  point,  or 
the  focus  of  incident  rajs  j  and  both  thofe  points,  in 
reference  to  each  other,  are  called  the  conjugate  foci. 

If  the  lens  be  a  concave  one,  as  in  fig.  21,  PI.  XX. 
then  the  oblique  rays  AB,  AE,  &c.  will  be  bent 
outwardly,  viz.  from  the  axis:  in  which  cafe  if 
you  fuppofe  thofe  refrafled  rays  to  be  continued 
l)ackwards  until  they  meet  the  axis,  as  at  F  i  then 
^  dia^ 
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that  point  F  is  called  the  virtual  focus  rf  the  n^ 
firsBed  rajSy  it  being  in  b£k  rhe  centre  of  diver- 
gency of  the  rays,  in  this  cafe  the  conjugate  foci 
are  both  on  the  fame  fide  of  the  lens,  viz.  the  real 
feciB  A  of  incident  rays,  and  the  virtual  focus  F  of 
die  refracted  rays  B  G,  D  O,  £S. 

If  the  reader  will  give  himfelf  the  trouble  of 
traciog  the  prc^refs  of  all  the  rays  which  proceed 
firom  a  luminous  point,  and  &11  upon  the  fur&co 
of  a  kni>  be  it  convex  or  concave,  after  the  mm* 
ner  which  is  mentioned  in  page  1 90,  he  will  find 
ifatt  the  rays  will  not  all  meet  at  one '  and  the  fame 
ioco^  if  it  be  a  convex  lens  \  nor  will  they  have  a 
itonamen  virtual  fbcus,  if  it  be  a  concave  lens ;  bue 
Aofe  rays  which  are  more  diftant  f^om  the  axis 
^Saet  the  refiaAion,  meet  fooner  than  thofe  which 
are  nearer  to  the  axis  ;  and  this  efied:  is  greater  in 
proportion  as  the^  iurfaces  of  the  lens « are  fiirther 
fiom  facb  other,  and  confift  of  larger  fpherical  feg^ 
flKDCS.    Hence  a  glafs  globe  renders  the  aboive- 
nenciooed  efieft  very  confpicuous;  and  hence  are 
At  Itnieis  made  as  thin  as  poflible ;  but  in  all  caiesy 
a  lens  which  confifts  of  fpherical  furfaces,  does  nev^f 
refrad  the  rays  which  fall  from  a  luminous  pointy 
all  to  one  focus.     The  rays  which  fall  upon  the  edge 
of  the  lens,  have  their  refrafted  focus  not  only  nearer 
to  the  kns,  but  alfo  fartheft  from  the  axis,  viz.  on 
one  fide  of  it.    Lines  drawn  through  the  refracted 
feci  of  die  rays  which  belong  to  one  luminous  or 
jadiant  pointy  form  two  curves,  which  make  an* 

angle 
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angle  with  each  other  at  the  axis>  or  princtptl 
(bcuSy  and  are  called  caujiics  by  refraliiotti  which 
are  real  in  convex  lenfes,  but  imaginary  in  concave 
lenfcs. 

When  the  lenfes  are  thin  and  their  fphericity  not 
very  great,  thofe  cauftics  arc  fo  trifling  that  the  eye 
does  not  perceive  them ;  but  lenfes  that  arc  pretty 
thick  and  of  great  convexity,  produce  a  confidera- 
ble  aberration  of  the  rays,  and  an  evident  diftor-^ 
tion  of  the .  objeft,  ta  an  eye  that  looks  tfarbugli 
thciTi*. 

An  experimental  proof  of  this  aberration  may 
be  had  in  the  following  manner  :  cover  one  fidi;  of 
a  glafs  globe  or  thick  lens  with  a  circular  piece  of 
brown  paper,  having  a  row  of  equidiftant  pb-hoks 
in  its  diameter.  Let  the  light  which  pailes  through 
thofe  holes,  and  through  the  lens,  &ll  upon  a  piece 
of  white  paper  held  perpendicular  to  .the  rays  of 
light,  and  you  will  find  that  when  the  paper  is  held 
near  to  the  globe  or  lens,  the  (pots  of  light  upon  it 
are  at  equal  diftances  from  one  another  fucceflively  s 
but  if  the  paper  be  gradually  withdrawn  from  tbe 
lens,  the  intervals  between  the  exterior  Ipots  grow 


*  In  order  to  avoid  this  aberration,  which  arifes  fram 
the  fpherical  figure  of  the  lens,  other  figures  have  been  de- 
termined, which  might  refrad  the  light  without  forming 
thofe  cauftics ;  but  the  pradtical  difficulty  of  giving  the 
lenfes  any  other  figure,  befides  the  fpherical,  is  fo  vefj 
great,  as  not  to  be  attempted  by  any  of  the  opticians. 

lefs 
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Idt  than  the  intenrals  between  the  interior^  and  (bon 
umce. 

On  the  other  handj  if  the  fame  operation  be 
performed  with  a  thick  concave  lens,  the  intervals 
between  the  exterior  fpots  will  be  found  to  grow 
hrgpr  than  the  interior,  &c. 

Bcfides  the  above-mentioned  aberration,  which 
arifin  from  the  figure,  lenfes  are  fubjeA  tp  a  much^ 
greater  imperfeAion,  which  arifes  from  the  different 
rcfrangibility  of  the  coloured  rays ;  fo  that  though 
the  rays  which  proceed  from  a  luminous  point,  and 
fiiU  upon  a  fpherical  lens  at  equal  diftances  from  the 
ans,  would  meet  or  have  their  focus  at  the  very 
£une  point,  in  confequence  of  a  particular  figure 
of  the  lens;  yet  as  the  refraftion  feparates  the  light 
ioiD  coloured  rays,  the  violet  rays  being  the  moft 
refrangible,  will  form  their  focus  nearer  than  the 
bhie^  and  fo  on ;  the  red  rays  being  the  leaft  re- 
frangible, will  form  their  focus  farthtfl  from  the 
kns. 

When  the  lens  is  thin,  and  its  convexity  or 
concavity  not  very  great,  this  feparation  of 
colours  pafTes  unperceived ;  but  with  a  thick  lens 
of  great  convexity,  or  when  the  impcrfeftions  of 
one  lens  are  magnified  by  another  lens,  as  in  te- 
kfcopes  and  other  compound  optical  inftrunurnts, 
the  feparation  of  the  coloured  rays,  efpccially  to- 
wards the  edge,  where  the  refradion  Is  ftrongefk,  is 
fo  very  manifeft  as  greatly  to  obdrudb  the  efieds 

which 
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which  thafe  inftruoKtits  would  oitbcrwile  bf  capable 
of  producing. 

This  ifnpeirfe£tioa  of  lenles  was  confidered  as 
i|nfMrniOuQ(aUe  by  the  great  Newton^  and  aU  odier 
phik>fophers  of  his  dme ;  but  the  fub&quient  di^ 
covcry  of  the  different  diiperfive  power  of  difiereiie 
tranfparent  nnediums  about  the  middle  (rf!cbe;laft 
century^  made  ibme  philofophers  entortun  hopts 
of  remedying  that  imperfeftion  of  lenAM;  aod  iMp 
^er  the  4ate  ir^nious  Mr.  J.  Dollond,  after  a 
^rariety,  of  trials  and  conliderations,  accompliflxd 
it  in  the  conftruAion  of  what  is  now  conmioiiigr 
known  under  the  name  of  acbramstic  (viz*  co^ 
lourlefs)  Ule/cope ;  the  obje<5t  lens  of  which  is  OMtt- 
pounded  of  glafles  -of  different  dii'perlive  powecb 
fo  well  proportioned^  as  not  to  ieparate  the  ligjhc 
into  its  primitive  colours :  hence  the  objefis, 
which  are  feen  through  iCj  appear  of  their  natural 
colours. 

Achromatic  lenfes  for  teleicopes  have  been  made 
by  a  combination  not  only  of  glafles^  but  alio  of 
glafies  and  fluids  of  different  difperfive  powcfs  * ; 
yet  the  common  praftice  is  confjned  merely  to 
glaffes,  which  are  upon  the  whole  the  m<^  ma- 
nageable and  the  mod  durable  fubflances. 


♦  See  a  paper  entitled,  The  Principles  and  Applicathn  $f 
4t  New  Method  rf  conflridfing  jfchr^matic  Tclefcopes^  by 
fiobert  Blair,  M.  D.  in  the  firft  vdume  of  NichoUim'a 
Jgumal  of  Natural  Philofophy,  &c. 

Achromatic 
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Achromatic  Icnfcs  are  formed  cither  of  two 
lenfes  or  of  three  Icnfes,  fixed  in  a  common  cell 
clofe  to  one  another.  Fig.  22,  Plate  XX.  exhibits 
a  fedtion  of  one  of  the  former,  and  fig.  23,  exhibits 
a  feAion  of  one  of  the  latter  fort. 

In  figure  22,  A B  is  a  double  convex  lens  of 
crown  glafs,  and  C  D  is  a  concavo-convex  lens 
of  flint  glafs. 

In  fig.  23,  A  OB  and  EF  arc  two  double  con-» 
▼ex  lenfes  of  crown  glafs^  tlie  internal  lens  C  D 
being  a  double  concave  of  flint  glafs. 

The  principle   upon  which    thofc    achromatic 
lenfes  are  conftru6ted  may  be  eafily  derived  from 
what  has  been  faid  in  page  195,  where  it  has  been 
ikewn,  that  by  a  combination  of  two  or  three  prifms 
of  different  forts  of  glafs,  the  light  which  pafliJs 
through  them  may  be  refraded  without  difperfion ; 
for  after  the  faiqe  manner  the  thicknefles  and  cur- 
vatures of  the  lenfes  may  be  fo  proportioned  as  to 
produce  a  fimihr  effeft.     In  faft,  if  wc  examine  a 
very  fmall  portion  of  fuch  a  connpound  lens,  viz. 
the  portion  which^  is  contained  between  the  lines 
gifJ^m,  fig.  22>  it  will  appear  that  the  two  por- 
tions of  external  lenfes,  muft  aft  like  two  prifms  of 
crown  glafs,' whofe  bafes  are  towards  the  common 
axis  of  the  lenfes  i  whereas  the  portion  of  the  middle 
concave  lens  a£):s  like  a  prifm  of  flint  glafs  placed 
in  a  contrary  direflion,  viz.  with  its  vertex  towards 
the  axb.  . 

Various  authors  have  given  Jntricate  methods  of 

VOL.  Ill,  p  8  detcr-*'^'-'* 
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determining  the  curvatures  necefTary  for  the  furfiicei 

pf  thofe  con^poimd  lenfc.s   which  are  depending 

upon  the  refraftive  and  difperfive  properties  of  the 

glaflfes^  which  properties    vary  '  greatly ;    but  die 

difficulty  of  determining  the  real  difperfive  as  well 

ts  the  real  reiraflive  power  pf  ^  parti/cular  fpecimen 

of  glafs^  which  are  feldom  wiifprm  ;hrougbouc  the- 

fpecimen,  and  the  difficulty  of  forming  ^he  compo- 

oen;:  lenfes  exa£tly  of  the  computed  thicknefs  and 

curvature  J  render  thofe  calculations  of  little  ufe.in 

pradtice.     At  molt  they  ferve  as  approximationSf 

which  mud  be  improved  and  corrected  by  aAual 

trials  with  differcnjt  glares  and  difierent  grinding 

tools  •. 

A  vciy 


*  The  following,  two  formulx  for'  the  conftru£tioil  of 
triple  objeA  achromatic  lenfes  of  telefcopes^  are  takpa  fms^ 
Euler's  Dioptrics,  vol.  I.  p.  333. 

P  is  the  principal  focal  length. 

The  mean  refradtion  from  air  into  crown  glafs,  is  repkr 
oned  as  1,53  to  i. 

The  fame  out  of  air  into  flint  glafs,  as  1,58  to  i. 

The  difHpating  powers  of  flint  and  crown  gUfs,  Is  3 
to  2. 

Flrft  Formula. 

The  radii  of  the  furfaces,  commencing  with  the  Ofli 
next  to  the  objcA,  are  as  follows  : 

A  double  convex    C  ift  furface  =  0,5004  x  P. 
of  crown  glafs    ^ad  furface  =  3,6665  x  P. 

AAmbk 
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An  ezcellehc  achromatic  lens  for  a  telefcope^ 
made  by  DoUohd,  and  confiding  of  three  lenfes^  as 
in  fig.  21,  being  examined^  was  found  to  have  the 
radii  of  the  curvatures  of  its  fix  furfaces  i^  2^3,4^5, ' 
and  6,  of  the  following  dimenfions  in  inches  and 
dedmala.  Another  fimilar  lens  was  alfo  examined, 
and  die  Vadii,  &c.  were  as  in  the  laft  column. 


Firft  fur&ccj  viz. 

the  external,  or  next 

todieolrieft,n)ark- 
ed        1    .    -    . 

28 

Radii    of  the   other 
achromatic  objeAlenn, 
likewife  in  inches,  &c. 
-    .    -    i     28  • 

.    a   -    -    - 
3    -    -    - 

40 
20.9 

-    -    -    -    3S»S 

-     '     -      21,1 

4  -    -    - 

5  -    -    - 

6  -    -    - 

28 

28,4 

28,4 

-      -      -      -      25,75 

-  -     -      28 

-  -     -      28 

^ 

A  double  concave  C  ift  furftce  =:  —  0,5167  x  P. 

of  flint  glafi  \  2d  furface  =  —  0,4843  x  P. 

A  double  convex  C  ift  furfiice  =  0,5219  x  P. 

of  crown  glafe  .  \  2d  furfece  =  0,4757  ><  P. 

Scmiaperture  =  0,1189  x  P. 

•  Stcond  Formula. 

A  double  convex  f  ift  Turface  sr  0,2829  X  P« 


1   2d 


of  crown  glafs     \  2d  furface  =  2,0729  X  P. 
A  double  concave  f  ift  furface  r:  -^  27I459  x  P^ 

of  flint  glafs        \  ad  furface  =:  —  0,2955  X  P* 
A  double  convex   f  ift  furface  =  0,5938  x  P. 

of  crown  glafs     \  2d  furface  =  2,5006  x  P% 
Semiapcrture  =  0,0707  x  P« 
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The  principal  focus  of  the  firft  of  thofe  achrqcna-' 
'tic  lenfes  was  diftant  frocn  its  fur&ce  about  46 
inches.  That  of  the  fecond  achromatic  lens  was 
diftant  about  4613,  inches. 

Notwithftanding  the  aberrations  mentioned  b  the 
preceding  pages,  when  glafs  lenfes  are  not  very 
thick,  they  are  reckoned  to  have  a  determined  focus 
of  refraded  rays  for  fuch  rays  as  come  from  a  finglc 
radiant  point,  and  the  didance  of  that  focus  from 
the  furface  of  the  lens  is  called  the  focal  diftance  of 
tbefe  rays.  Even  a  globe  is  faid  to  have  fuch  a 
focus,  meaning,  however,  of  the  middlemoft  part 
of  the  globe. 

It  IS  now  necelTafy  to  defcribc  €[\t  method  of 
determining  that  focal  diftance  for  the  various  forts 
of  lenfes.  This  determinatibn  indeed  may  be  ob- 
tained in  all  cafes  from  the  general  method  de- 
fcribed  in  page  1 90 ;  but  it  will  be  ufeful  to  ftatc 
the  principal  refults  of  fuch  invcftigations  for  the 
more  common  lenfes,  and  likewife  to  give  fome 
more  expeditious  and  pretty  accurate  rules  for  find- 
ing the  foci  of  all  forts  of  lenfes.  We  muft  how- 
ever prefix  a  (hort  explanation  of  the  aftion  of  flat 
plates. 

In  the  firft  place,  it  muft  be  recollefted,  that  if  a 
ray  of  light,  however  incident  upon  a  refrafting 
plate,  like  the  glafs  plate  AB,  fig.  24,  Plate  XX. 
pafTcs  through  it,  the  emergent  part  C  D  of  ihat 
ray  will  always  be  parallel  to  the  incident  part  EF, 
as  long  as  the  furfaces  of  the  refrafling  plate  arc 

parallel 
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pariUel  to  each  other,  and  the  plate  is  furroundcd 
by  the  fame  uniform  medium,  be  it  air,  or  water, 
&c. ;  for  though  the  ray  is  bent  in  going  into  the 
plate  at  the  firft  furface,  it  is  evident  that  it  muft  be 
bent  as  much  the  contrary  way  in  goin^  out  at  the 
other  fur&ce  of  the  plate. 

If  an  objed  in  a  refracting  medium  be  viewed  by 
an  eye  (ituated  in  another  medium  of  different  rc- 
frangibility,  the  boundary  of  the  two  mediums  being 
a  plain  furface,  the  vifual  angle  may  be  enlarged  or 
dimihifhed,  and  of  courfe  the  apparent  (ize  of  the 
objeft  may  be  enlarged  or  diminifhed  ;  viz.  it  will 
be  enlarged  if  the  eye  be  in  the  lels  refradive  me- 
dium, and  vice  verja. 

Thus  an  objed,  AB,  6g.  25,  Plate  XX.  in 
water,  will  appear  magnified  to  an  eye  at  C>  viz. 
iituated  in  the  air  which  is  contiguous  to  the  water  ; 
bccaufe  the  external  rays  A  F,  B  G,  by  falling  ob- 
liquely upon  the  (urfacc  FG,  are  bent,  and  caufed  to 
fubtend  a  larger  angle  at  the  eye.  And  the  fame  thing 
muft  be  underftood  of  the  intermediate  rays,  ex<» 
cepting  D  E,  which,  falling  perpendicularly  upon  the 
Surface,  is  not  bent  by  it. 

From  what  has  been  faid  of  a  flat  platej  it  may  be 
cafily  underftood,  that  about  the  middle  of  the  fur- 
face  of  every  lens  there  is  a  point,  upon  which  if  a' 
ray  falls  and  pafles  through  the  lens,  the  emergent 
part  will  be  parallel  to  the  incident  i  for  the  point  of 
incidence  and  the  point  of  emergence  may  bo 
fituated  fo  that  if  two  planes  tcfuch  the  furfages 

0^2  I' 
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at  thofc  points,  they  may  be  parallel  to  each  oth^f. 
T^hat  ray,  or  part  of  a  pencil  of  light,  which  thus 
pafTcrs  through  the  lens,  without  being  bent,  is 
called  the  axis  of  that  pencil,  and  that  axis  always 
paflcs  through  the  centre  of  the  lens; 

When  rays  of  light,  fall  upon  the  famc^  lens  with 
different  inclinations,  h  is  evident  that  after  the  re- 
fraftion,  they  muft  have  their  foci  at  difiercnt  dif- 
tances  from  the  lens ;  for  inftance,  the  faoie  lAWard 
bending,  or  'refraftion,  will  incline  towards  «rch- 
other,  much  fooner  thofe  rays  which  arc  already 
much  inclined,  than  thofe  which  arc  already  Ids  in- 
clined or  diverging. 

When  rays  oT  light  come  parallel  to  each  other, 
is  thofe  which  come  from  a  point  of  the  fun's  fur- 
face,  or  from  any  other  diftant  point,  and  fall  per- 
pendicularly, 01*  nearly  fo,  upon  the  furface  of  a 
lens  ;  then  the  focus  of  thofe  rays  after  refradion  is 
called  the  principal  fccus  of  thar  lens,  and  its  diftanec 
from  the  lens,  the  frincipal  focal  iiftance  of  that 
lens. 

The  principal  focus  of  a  lens  may  be  found  out 
either  experimentally,  which  is  by  far  the  moft  ex- 
peditious method,  or  by  computation. 

In  a  plano-convex,  double  convex,  or  menifcus, 
the  principal  focus  is  real ;  in  the  other  lenfes  the 
focus  is  virtur.1.  In  order  to  find  out  the  principal 
focus  of  any  of  the  former,  place  the  lens  before  the 
fun,  fo  that  its  beams  may  fall  perpendicularly 
upon  it  I  then  meafore  the  diftance  at  which  the  rays- 
3  are 
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are  ooUeded  in  t  white,  round,  aod  ivcU  defined  fpot, 
upon  a  piece  of  white  paper,  which  for  this  purpo/e 
muft  he  placed  nearer  or  fanher,  &c.  and  that  dis- 
tance is  the  principal  focal  diftance  in  queftion.  In- 
ftead  of  the  fun,  foiTie  other  diilant  luminous  objedl 
will  anfwer  as  well. 

In  Of^tv  to  find  the  virtual  focus  of  any  concave, 
plano-concaFe,  or  concavo-convex  lens,  cut  a  cir<» 
cular  hole  in  a  piece  of  black  paper,  and  ftick  it  on 
the  lensj  ib  that  the  centre  of  the  hole  may  be  in  or 
very  near  t|ie  middle  of  the  lens  i  aifo  draw  a  circle 
on  a  piece  pf  ftiff*  paper  or  card,  whofe  diameter  is 
juft  double  the  diameter  of  the  above-mentioned 
hole  upon  the  lens ;  then  hold  the  lens  thus  prepar- 
^  perpendicular  to  the  fun  beams,  and  move  the 
card  with  the  circle  backwards  and  forwards  on  the 
other  fide  of  the  lens,  until  the  rays,  which  pafilng 
through  the  lens  fall  upon  the  card,  may  form  a 
fpot  upon  it  exactly  equal  to  the  circle  on  the  card ; 
and  the  diftance  between  the  card  and  the  lens  is 
the  principal  virtual  foc^  diftance  in  queftion ;  for 
if  ftnught  Tmes  be  drawn  from  the  edge  of  the  fpot 
on  the  cord,  ^and  along  the  edge  of  the  hole  on  the 
Jens,  they  will  mee(  at  a  point  as  difbnt  from  the 
other  fide  of  the  Ipns  as  the  card  is  from  the  firft 
(ade. 

The  principal  focal  diftancc  of  a  plano-convex 
glafs  lens  is  very  nearly  equal  to  the  diameter  of  its 
curvature.  But  for  a  double  and  equally  convex 
lens,  that  diftancc  is  nearly  equal  to  the  i   "      -^ 
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cut  r^airc  lo  a  pkr^rxoccaTr,  die  diftanrr  of 
the  principal  vinual  focus  from  the  lens  is  oaxtf 
equal  to  the  diameter  of  the  CQiramre.  In  a  dobbfe 
€iid  equally  concave  lens,  that  cfiAance  is  equal  to 
the  radius  of  concavity  *• 

b 

*  Tbc  following  two  roles  are  dcmonSrated  in  Dr. 
Sxith's  Optics,  B.  II.  Chap.  III.  GnTclande's  Elements 
of  Nataral  Philobphy,  B.  V.  Sdso!.  to  Chap.  IX.  and 
other  works  upon  Optics. 

L  T§  find  the  focut  $f  paraUil  TMjt  frlUug  fwrpem&ukrfy^ 
cr  fuarijfij  ufon  any  given  Uns, 

Let  £,  fig.  I,  2,  2nd  3,  Plate  XXI.  be  the  centre 
of  the  leas,  R  and  r  the  centres  of  its  furfaces,  (viz.  of 
their  fpbericiues)  R  r  its  axis,  ;  E  G  a  line  parallel 
to  the  incident  ray  upon  the  fur&ce  B,  whofe  centre 
is  R.  Parallel  to  ^E  draw  a  femidiamcter  BR,  in  which 
produced,  let  V  be  the  focus  of  the  raj's  after  dieir  firft 
refra£lion  at  the  furfacc  B  ;  and  joining  V  r,  let  it  cut  ^E 
produced  in  G ;  and  G  will  be  the  focus  of  the  rays  that 
emerge  from  the  lens. 

J  I.  The  /ecus  of  incident  rays  upon  a  fingle  furfekce^  ffbert 
or  Uns  J  biing  given^  It  is  rejuircd  to  find  theficus  of  the  emir-* 
gent  ray:. 

Let  any  point  Q^,  fig.  4  and  5,  Plate  XXL  be  the 
focus  of  incident  rays  upon  a  fphcrical  furface,  lens  or 
fphere,  whofe  centre  is  E,  and  let  other  rays  come 
parallel  to  the  line  Q^E  q^  the  contrary  way  to  the 
given  rays,  and  after  refraction  let  them  belong  to  the 
focus  F  (viz.  mark  the  principal  focus  F);  then  taking 
E/  equal  to  E  F,  fay  as  CLF  to  F  E,  fo  E/  to  fq  i  and 
placing/^  the  contrary  way  from/ to  that  of  FQ^from  F, 
dic  point  J  will  be  the  focus  of  the  rcfraded  ra}'5y  without 

any 
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It  will  be  jncccffary  to  obfervc  once  for  cyer,  that 
the  diredtions  of  a  given  incident  and  rcfrafled  ray 
are  the  fame  when  the  latter  is  called  the  incident, 
and  the  former  is  called  the  refraded  diredion  i  for 
infiance,  if  the  incident  rays  are  paralle],  the  re- 
fraded  focus  will  be  at  a  certain  diftance  from  the 
lens;  now  if  a  luminous  objed  be  fituared  at  that 
diftance,  then  the  refraded  rays  v/iit  proceed  pa-« 
raUeL  The  like  thing  muft  be  underftood  of  any 
two  conjugate  foci  of  a  lens  \  for  if  either  of  them 
is  called  the  radiant^  the  other-  will  be  the  refraded 
focus*  I 

Wiijen  the  incident  rays,  inftead  of  being  parallel, 
are  dther  converging  or  diverging,  then  you  may 
determine  whether  the  focus  is  nearer  or  farther 
from  the  lens  than  the  principal  focus,  by  confi- 
dering  whether  the  lens  be  concave  or  convex,  &c. 
Wiich  fo  far  needs  no  particular  explanation  ;  but  the 
precife  diftance  of  the  focus  in  thofe  cafes  may  be 
eaiily  determined  from  the  fecond  rule  in  the  note 
below. 

We  have  hitherto  taken  notice  of  the  progrcfs  of 
a  fingle  pencil  of  rays  (viz.  fuch  as  comes  from  a 


any  fenfible  error  j  provided  the  point  Q^be  not  fo  remote 
from  the  axis,  nor  the  furface  fo  broad,  as  to  caufe  any  of  the 
rays  to  fall  too  obliquely  upon  them. 

'  When  the  rays  do  not  come  from  a  point,  nor  do  they 
come  parallel,  but  come  convergingly,  then  their  virtual 
focus  muft  be  confidered  as  the  radiant  point. 
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fingle  point)  through  a  kns ;  but  the  tppliCfttioti  of 
the  fame  rcafoning  to  the  various  points  of  an  objcft 
IS  fo  very  eafy,  that  a  flight  iUuftration  is  fufficient  to 
render  it  rnanifeft. 

Let  DE^  fig.  6,  Plate  XXL  be  im  objed,  AB 
a  douUe  convex  lens,  whofe  centre  is  C ;  and  let 
us  examine  the  pencils  of  rays  which  come  finom 
three  points  only  of  the  objed>  fince  the  fituadoii 
of  the  intermediate  pencil^  is  evidently  compre* 
hended  between  chofe  three.  Now  of  all  the  rays 
which  proceed  from  each  of  thofe  points^  that  whid| 
paflfes  through  the  centre  C  of  the  lens  niuft  (frond 
what  has  hfttn  faid  in  page  227 )  proceed  in  a  flnight 
direftibn^i  fo  that  DC  I,  FCH,  and  ECG,  Me 
ih-aight  lii^es ;  fecondly,  the  focus  of  the  rays  DBA^ 
after  refraction,  muft  be  fomewhere  in  the  axis  or 
llraight  line  D  C I ;  alfo  that  of  the  middle  pencilj 
FBA  mqft  be  fomewhere  in  FCH,  and  the  focus 
of  the  third  pencil  muft  be  in  £  C  G.  Thirdly,  the 
refrafted  focus  of  each  pencil  muft  be  oq  the  con- 
trary  fide  of  the  axis  of  the  lens,  to  what  its  incident 
or  radiant  focus  is  $  for  inftance,  the  refradted  focus 
lis  below  the  axis  of  tiie  lens>  whilft  its  incident  or 
radiant  focus  D  is  above   \t\    and  the  refradbec} 


•  The  incident  and  rcfrafled  parts  of  that  ray,  properly 
(peaking,  are  not  in  one  ilraight  line,  but  they  are  parallel 
to  each  other;  yet  when  the  lens  is  not  remarkably  tbick^ 
they  may  be  fafely  confidcted  as  one  firaight  line,  the  dif- 
ference being  infehfible* 

focus 


fbcus  G  is  abord  the  axis^  whilft  its  radiant  point  & 
is  bdow  It:  the  confequence  of  which  is,  that  if  the 
obje£k  D  E  be  iufficiencly  luminous,  and  a  piece  of 
white  paper/  or  other  flat  and  opaque  body,  be  fitu* 
ated  at  G  I,  t^h  image  of  the  objedt  D  £  will  bft 
famcA  upon  \u  but  in  an  inverted  pofition.  If 
the  opaque  bodf  be  removed,  then  n^  image  will 
be  iecn  bf  a  fpedator  fituated  on  one  fide ;  for  the 
rays  of  light,  though  they  meet  at  their  refpe6ttv6 
fod  ia  I H  G9  yet  they  proceed  divergingly  beyondl 
that  place  through  the  air  or  other  tranfparent  body^ 
and  none  come  to  the  lateral  fpefbator.  If  tlie  paper 
be  ficiiated  nearer  or  farther  from  the  lens  than  thft 
place  G  Ii  the;i  ai)  imperfefl  image,  or  no  image  at 
9II9  will  be  fbmned  upon  itt  becaufe  the  rays  of  thd 
reipefti ve  pencils  do  not  meet  at  any  oth^  place/ 

From  what  has  been  faid  above  with  refpefk  td 
the  conjugate  foci  of  the  fame  pencil,  it  will  be 
clearly  deduced,  that  if  the  objeft  D  E  be  brought 
nearer  to  the  lensf,  the  rcfrafted  foci,  or  the  image 
GHI,  will  be  formed  farther  from  the  lens,  and 
vki  verfa.  And  from  this  it  follows,  that  (fmce  the 
angles  D  C  £,  G  C  I,  formed  at  the  centre  of  the 
lens  by  the  axes  of  the  two  extreme  pencils,  are 
equal  *)>  when  the  diftance  of  the  objeft  ftom  the 
kos  is  equal  to  that  of  the  image  from  the  lens, 
dien  the  fizc  of  the  image  is  equal  to  that  of  the 


•  £uctid's  £leflieiits,  Book  I.  Prop.  15. 
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objed ;  when  the  former  diilance  is  lefs  than  chat 
of  the  latter>  then  the  image  is  larger  than  the  ob^ 
je<^ ;  and  when  the  former  diftance  is  longer  -^than 
the  latter,  dien  the  image  is  fmaller  than  the 
objeft. 

With  refped  to  the  brightneis  of  that  innage  it 
mufl:  be  confidered,  that. of. the  inn umerabk  rays 
which  are  incefiantly  emitted  in  every  direction  from 
each  pointy  for  inftance  Ds  of  the  objedt,  a  confix 
derablc  number,  viz. DAB,  falls  upon  the  lens, and 
are  converged  to  a  fingle  point  I  \  therefore  that 
point  mud  be  more  or  lefs  bright  in  propordon  as 
the  furfacc  of  the  lens  is  larger  or  fmaller.  Hence 
alfo  a  very  remarkable  property  of  thofe  lenfes  is 
eafily  comprehended,  which  is,  that  when  an  image 
GHI,  is  !hus  formed,  if  you  cover  pai;t  of  the  lens, 
be  it  the  middlemoft  or  (bme  lateral  part  of  it,  the 
innage  IG  will  not  thereby  be  rendered  partly  invi-» 
fible— the  whole  image  will  be  feen  as  well  as  before, 
but  it  will  appear  lefs  bright  than  before ;  for  if  we 
confidcr  each  indefinite  part  of  the  lens,  we  may 
eafily  perceive  that  rays  of  light  from  every  point  of 
the  objcft  muft  pafs  through  that  part,  and  muft  meet 
at  their  refpeftive  foci  in  GHI, 

The  above  explanation  of  the  progrefs  of  various 
pencils  through  a  convex  lens,  may,  mutatis  mu- 
tandis, without  much  difficulty  be  adapted  to  ex- 
plain the  adlion  of  concave  lenfes. 

Upon  the  whole,  it  muft  be  recoUeftcd,  that  by 
the  aftion  of  a  double  convex  lens,  or  plano-convex 

and 
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Sind  menifcuS)  the  rays  of  light  which  pafs  through 
them  are  made  to  tndine  more  towards  each 
other,  or  to  proceed  Icfs  drvergingly  than  they 
did  before,  excepting  after  their  nieerihg  or  foci ) 
for  beyond  that  place  they  proceed  divergingly. 
On '  the  contrary,  by  the  aftion  of  douUe  concave 
plano-concave,  and  concavo-convex  lenfeS|  the 
rays  of  light  which  p^fs  through  them  are  xnade  to 
diverge  more,  or  to  proceed  lefs  inclined  towards 
each  otherj  than  they  did  before  dieir  entrance  into 
thelens^ 

We  fliall  now  defcribe  a  few  eafy  experiments^ 
which  prove  in  ^  fanriiliar  manner  mtft  of  the  above% 
mentioned  properties  of  lenfes. 

Take  an  hollow  globe  of  glais,  or  globular  de<» 
canter;  make  an  hole  of  about  a  quarter  of.  the 
globe's  diameter  in  a  piece  of  brown  paper,  and 
ilick  the  paper  on  one  fide  .of  the  globe  or  decan-^ 
tei-;  fill  the  veflcl  with  water,  then  prefent  it  with 
the  covered  fide  to  the  fun,  and  the  rays  which  pafe 
throu^  the  hole  in  the  paper  and  through  the  water» 
will  be  coUefted  to  a  focus  or  round  and  well  de^ 
fined  fpot,  on  the  other  fide  of  the  globe,  which  may 
be  received  upon  a  piece  of  paper  ;  and  its  diftance 
from  the  globe  being  meafured,  will  be  found  equal 
to  half  the  diameter  of  the  globe.  If  the  cxperi* 
ment  be  rc^)eated  with  the  empty  globe,  no  focus 
will  be  formed  (fee  page  226).  If,  inftead  of  water, 
the  globe  be  filled  with  fpirit  of  turpentine,  the  focal 
diftance  will  be  found  ihorter  than  when  water  is 
u(cd>  the  rcfi'^^tive  property  of  that  fpirit  being 

greater 
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greater  than  that  of  water.  If  the  experiment*  be 
tried  with  a  folid  globe  of  glafs,  the  diftance  of  the 
focus  from  the  neareft  part  of  its  furface  will  be  equal 
to  one  quarter  c^  the  globe's  diameter. 

The  reafon  why  one  fide  of  the  glob^  muft  hc~ 
covered  with  a  perforated  paper,  is>  that  when  all 
the  globe  is  expofcd  to  the  li^t,  the  nof^  whic^ 
^1  upon  the  more  external  places  will  have  their 
.  If  fra^x4  foci  nearer  to  the  globe  than  thofe  which 
^i  nearer  to  the  axis,  all  which  foci  form  tho  cau-r 
(Hcs  by  refraction  (fee  page  220)  which  .^urv^  may 
Xft  obferved  in  the  following  ipanner  r 

When  the  light  of  the  fui>»  or  of  a  candki  3cc.  \% 
refira&ed  through  a  globCj  be  it  pf  folid  glais  or  a 
glpbolar  decanter  filled  with  water,  fpirit  of  turpen^ 
tifiCj  J^c.  and  falls  upoa  a  table  cloth,  or  upoo  a 
piece  of  white  paper  held  parallel  and  very  near  tp 
|hc  axis  of  the  light,  the  luminous  figure  thereby 
formed,  is  l^uaded  by  two  brightcurves,  which  arc 
the  labove-mentioned  cauitics ;  which,  as  they  re* 
irede  from  the  ^obe,  approach  each  other  and  the 
axis  of  the  pencil,  until  they  touch  it,  and  there  form 
a  (harp  angle,  ^^hofe  vertex  is  the  principal  focus  of 
the  pencil. 

'  Having  covered  either  fide  of  a  convex  kns  with 
paper,  in  which  there  are  fevcral  fmall  holes  made 
with  a  pint  an4  having  expofcd  the  lens  diredUy  to 
the  fun,  the  rays  which  pafs  through  the  holes  will 
appear  like  fo  many  white  fpots  upon  a  paper  held 
pretty  clofe  behind  the  glafs  {  and  thefe  fpots  will 
fome  clofcr  together  as  the  paper  is  gradually  drawn 

back 
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back  from  the  lens,  until  at  laft  they  all  unite  in  one 
Ipot,  which' is  the  focus.  Thts  (hews  the  reafon  whjr 
that  fpot  is  (b  very  bright,  and  why  rt  burns  with  fa 
XDfich  power  as  experience  (hews  it  to  do.  By  in- 
dining  the  lens  a  littlci  that  focal  fpot  wilt  not  be 
fenfibly  altered.  If  the  paper  be  removed  dill  far- 
ther from  the  lens,  the  fpots  will  feparatc  again,  not 
wUl  they  ever  meet  again ;  for  beyond  the  focus 
fhc  rays  proceed  divergingly* 

If  the  above-mentioned  experiment  be  tried  With 

« 

a  concave  lens,  the  fpots  will  never  mtet,  but  they 
will  be  found  to  recede  continually  from  each  oihcr,- 
in  proportion  as  the  white  paper  is  removed  frotii 
the  lens* 

^  Having  found  the  focal  diftance,  E  F,  fig.  7/ 
.Plate  XXI.  of  a  convex  glafs  leas,  fix  it  flat  againl^ 
a  moderate  hole  made  in  a  thin  board  C  E^  mid 
place  it  upright  upon  a  long  table  or  floor.  Through 
the  point  C,  dlreftly  under  the  middle  of  the  glafs, 
draw  a  long  line  AB,  perpendicular  to  the  board,  in 
which  meafttre  the  principal  focal  diftance  of  the  lens 
boxxx  C  to  F>  and  from  F  to  I,  I  to  II,  1 1  to  II I^ 
&c.  and  alfo  on  the  other  fide,  from  C  to  /,  and 
from  /  to*   I,  i^  to  2,  2  to  3,  &c.    then  taking 

f » T>  i»  ^^*  ^f  ^^^  ^oc^  diftance^  fee  them  off 
.from  F  towards  I,  and  alfo  from/  towards  i,  and 
put  the  figures  |,  -}-,  |,  to  the  points  of  divifion,  as 
in  the  figure  j  laftly,  having  darkened  the  ro6m,  if 
a  candle  be  placed  at  Qj)ver  the  mark  I,  the  rays 
which  pais  through  the  glafs  will  be  united  at  q  uppn 
a  paper  held  over  the  oppofite  mark  i  \  and  re- 
took 
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moving  the  candle  to  1 1  and  the  paper  to  |,  the  rayi 
ivill  be  united  here  alfo  \  and  likewiie  when  the 
candle  and  paper  are  renrioved  to  II I  and  7>  I V  a^nd 
J,  &c.  and  the  effeft  will  be  the  fame  if  the  paper 
and  candle  be  tranfpofed  into  each  other's  places. 
It  appears  that  /y  decreafcs  ip  the  fame  proportioa 
as  FQjncreafes,  and  the  contrary. 

"Things  remaining  as  they  were,  when  a  fecond 
^candle  is  placed  on  either  fide  of  the  firft  at  the 
fame  diftance  from  the  glafs,  the  union  of  its  rays 
will  make  another  image  upon  the  paper  q  on  the 
contrary  fide  of  the  axis  QJE  q  \  and  the  diftance 
between  the  two  images  will  be  found  to  bear  the 
fame  proportion  to  the  diftance  between  the  can- 
dles, as  the  diftance  of  the  images  from  the  glaft 
bears  to  the  diftance  of  the  candles  from  the  glafs< 
Thefe  obfervations  confirm  the  rcafon  why  the 
image  of  a  fingle  candle  is  inverted  upon  the  paper; 
and  why  its  magnitude  is  altered  when  its  place  is 
alterfd.  Becaufe  what  has  been  obfcrved  of  twa 
candles  is  applicable  to  any  two  points  of  the  fame 
candle  *." 

If  in  either  of  the  above-mentioned  experimenti 
part  of  the  lens  be  covered  with  feme  opaque  body, 
fuch  as  a  brown  piece  of  paper,  the  whole  image 
of  the  fingle  candle,  or  of  the  two  candles,  will  be 
{^zn  exaftly  as  when  the  whole  lens  is  uncovered, 
excepting  that  it  will  appear  lefs  bright  in  propor- 
tion  to  the  covered  furface  of  the  lens. 

m-m^mm  I  .1—1  II  ...  I  ■— ^^— , 

♦  Dr.  Smith's  Optics,  Bock  I,  Chap,  II. 
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CHAPTER    VI. 


DESCRIPTION   OP   THE    EYEj   AND   OF    VISION, 


OUR  perception  of  obje£ts  produced  by  the 
a&ion  of  light,  is  called  vtfion.  The  orgdn 
which  receives  the  impreflion  of  that  adion,  and 
dbipugh  which  the  perception  is  communicated  to 
the  iienfbrium,  is  the  tye^  o(  which  the  human  being 
has  two,  and  of  which  no  animal^  that  we  know  of, 
has  Icfs  than  two. 

Of  the  five  external  fenfes  of  our  body,  the 
confcnidion  of  the  eye  fcems  to  be  bcft  undcr- 
ftood  J  yet  this  goes  no  farther  than  to  fhew  that  a 
piAure  or  image  of  the  objeds  we  perceive,  is 
painted  within  the  eye,  whilft  the  objeds  are  before 
us,  and  that  the  eye  is  conftrufted  fo  as  to  adapt 
it&lf  to  the  formation  of  that  image  in  different 
circumftances ;  but  we  do  hot  pretend  to  explain 
the  manner  in  which  the  perception  of  that  image 
is  communicated  to  the  fcnforium  through  the 
nerve,  upon  a  projcftion  of  which  that  image  is 
formed.  It  is  ncceflary,  for  the  purpofc  of  explain- 
ing how  that  image  is  formed,  &c.  to  defcribe 
the  wonderful  conllrudion  and  aftion  of  the  eye  > 


1^...* 
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but  in  order  to  render;  its  adtion  as  well  as  thif 
defcription  of  its  parts  more  ihtcliigible  to  thfe 
povice,  wc  (hall  prefix  a  fhort  dcfcription  of  the 
principle  of  what  is  called  a  camera  ol^cura^  or  dark 
chamber. 

If  a  fmall  hole  be  made  in  thfc  fide  of  a  dark- 
^^ed  room  or  box,  and  bright  objeAs,  fuch  as 
trees,  animals,  &c.  illuminated  by  the  dircft  rays 
of  the  fun,  happen  to  be  out  of  the  roomi  and  oii 
fhat  fide  of  the  room  where  the  hole  is,  then  an  in- 

yertcd  image  of  thole  objeds  will  be  feen  cither 

• 

upon  the  oppofite  wallj  or  upon  a  fcrcen,  within 
|he  room;  but  that  image  is  imperfeft  and  in- 
diftin6):.  When  the  hole  is  vefy  fmall,  as  about  n 
tenth  of  an  inch  in  diameter,  few  rays  can  pals 
through  it,  and  of  courfe  the  image  is  feint.  When 
the  hole  is  confiderably  larger,  the  various  rays 
which  belong  to  each  luminous  or  radiant  poitit 
come  divergingly  through  the  hole,  arc  fcattqred 
upon  the  wall  or  fcreen,  and  great  indiftinfUoll 
cnfues.  In  either  cafe,  the  rays  are  more  or  left 
inflefted  by  the  fides  of  the  aperture. 

If  a  convex  lens  be  applied  to  the  holCj  then  a 
beautiful  image  of  the  external  objects  in  their  true 
colours,  but  inverted,  will  be  painted  upon  the  fcreen 
within  the  room ;  but  the  fcreen  mud  be  placed  at 
the  focal  diftance  of  the  lens,  and  that  focal  dillance 
changes  according  as  the  diftancc  of  the  external 
pbjcfts  from  the  room  is  altered  * :  hence  not  all 

«!■■■■  ■!  !■■■  '  '■      ^•^mm'^^ 

•  See  what  has  been  (aid  concerning  the  conjugate  foci 
9f  lenfcs  in  page  2i8. 

the 
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the  external  objeds  can  be  well  defined  and  pro^- 
perly  depi£):ed  upon  the  fcreen  $  for  as  they  are  at 
unequal  diftancesj  the  foCal  diftances  within  the 
room  muft  likewife  be  unequal,  and  of  courfe  the 
fcreen  may  be  fituated  properly  for  fome  of  them, 
but  not  for  them  all ;  yet  when  the  external  ob^ 
je£b  are  not  very  near,  the  fame  fituarion  of  the 
fcreen  will  do  for  them  all  fufficiently  to  render 
them  difcemible,  and  to  form  a  ple^iant  picture  of 
the  whole. 

In  the  latter  cafe,  when  a  convex  lens  is  fituated 
at  the  hole  of  the  dark  chamber,  various  advantages 
are  obtained  by  it.  In  the  firfl:  place,  the  pencils 
of  light  being  refrafted  by  the  lens,  are  caufed  to 
converge  to  their  refpeftive  foci  j  hence  the* hole 
and  the  lens  may  be  large,  in  confequence  of  which 
a  great* quantity  of  light  from  every  fingle  point  of 
the  objeds  is  admitted ;  and  fecondly,  the  inflec- 
tion of  light  is  avoided  by  the  enlargement  of  the 
hole. 

It  will  appear  from  the  following  defcription,  that 
die  eye  is  a  moft  excellent  camera  obfcura,  having 
all  the  neccflary  properties  of  it  to  a  moft  accurate 
degree  of  nicety.  It  is  a  dark  room,  with  one 
aperture  for  the  admiflion  of  light,  with  lenfes  fie  to 
form  a  pi<5lure  of  external  objefts  on  the  hind  part 
of  its  cavity,  and  is  capable  of  all  the  neccflary  ad- 
juftments  within  certain  limits. 

Fig.  8,  Plate  XXL  exhibits  the  feftion  of  a  hu- 
man eye,,  larger  than'  its  real  or  moft  ufual  fizc. 
Its  6gure  is  nearly  globular.    What  is  fcea  of  the 

Yd..  HI.  a  eye 
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eye  in  a  lining  fubjed,  is  part  of  a  convex  white 
protuberance^  with  a  circular  tranfparent  fpot  in  the 
middlC)  which  reftsupon  a  radiated  baOs^  differently 
coloured  in  different  perfons,  &c.  This  vilible  part 
'  of  the  eye  is  reprefented  by  the  front  view,  fig.  9/ 
and  by  theportion  AB£CD»  in  the  fedion fig.  8, BEC 
is  the  tranfparent  part  thereof.  The  hind  part  A  F  D 
is  furrounded  by  fix  muTcles,  the  extremities  of 
which  are  firmly  faftened  to. the  external  coat  of  the 
'  eye»  and  are  deftined  to  move  it  in  the  different  ne* 
ceflary  directions..  The  particular  deferipdon  of 
thofe  mufcles  does  not  belong  to  this  work« 

The  bulb  of  the  eye  confifts  of  the  external 
coats  or  tunics  AB£CDFA>  and  of  internal  hu* 
mours  that  fill  the  whole  cavity,  and  keep  the 
tunics  inflated  in  a  form  nearly  globular. 

The  membranes,  coats,  or  integuments  of  the 
eye  are  as  follows :  the  external  firm  one  is  called 
the  Jcleroticay  the  anterior  portion  of  which,  viz. 
BEC,  is  tranfparent  and  more  convex,  and  is  called 
the  cornea^  (or  tranfparent  horny  fubftance.)  The 
portion  adjacent  to  the  cornea,  viz. ^5,  DC,  is  white; 
hence  it  is  commonly  called  the  white  of  the  eye. 
The  next  membrane  within  the  fclerotica,  is  called 
the  choroides.  This  is  extended  ^t  ab  under  the 
cornea,  and  forms  the  coloured  part  of  the  eye,  ae, 
hc^  called  the  /m,  (fee  alfo  fig.  9,  which  rcpre- 
fents  a  front  view  of  the  eye.)  This  iris  is  formed 
of  mufcular  fibres,  difpofed  in  two  direftions,  viz* 
fome  are  like  radii,  tending  towards  the  centre,  and 
7  others 
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ethers  arc  circular.  The  iris  is  perforated  near  its 
middle,  and  .  that .  perforation  is  called  the  pupl. 
This  pupil  is  not  always  of  the  fame  fize  j  for  by 
the  contradion  oc  relaxation  of  the  fibres  of  the  irifi, 
the  pupil  becomes  larger  or  fmaller,  viz.  when  the 
radial  fibres  contraft  and  the  circular  ,are  relaxed, 
the  pupil  becomes  enlarged ;  but  when  the  latter 
are  contra&ed  and  the  former  relaxed,  then  the 
pupil  beconies  diminifbed  *•  The  colour  of  the 
iris  is  different  in  different  perfons ;  but  it  does  no^ 
ieem  that  its  colour  is  connected  with  any  peculia- 
rity of  conftitution,  or  of  configuration  of  the  hu- 
man body. 

Under  the  iris  there  is  a  prolongation  Jf  of  the 
choroides^  which  forms  a  circular  fibrous  band,  to 
which -the  cryfhilline  humour  d  of  is  attached. 
This  circular  band  is  called  the  ligamentum  ciliare. 

At  the  hind  part  F  of  the  eye,  but  not  exaftly  op- 
polite  to  the  pupil,  a  prolongation  of  the  coats  qf  the 
eye  is  to  be  obferved.     This  prolongation  envelopes 


*  This  is  an  admirable  flrudure,  which,  whether  in  an 
enlarged  or  contraded  ftatc,  does  always  prcfcrve  the  circular 
figure  of  the  pupil. 

The  pupil  is  feldom  quite  concentric  with  the  iris.  Its 
aperture  varies  confiderably,  and  differently  with  different 
individuals.  In  fome  perfons  its  diameter,  in  its  coacra£ted 
ilate,  is  about  one-tenth  of  an  inch,  and  in  the  mod  en- 
larged fiate  it  exceeds  a  quarter  of  an  inuh  ^  in  otlurs  it 

varies  Icfs. 

R  2  a  nerve 
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a  nerve  that  comes  from*  che4)rain^  and  is  called  the 
eptic  nerve,  the  inner  or  medullar  part  of  which 
fpreads  itfelf  over  the  choroides,  as  far  as  the  ciliary 
procefs  df,  and  forms  the  innermoft  coat  of  the  eye^ 
called  the  retina.  This  is  a  thin  and  whitifh  mem- 
brane, looking  fike  the  fineft  fort  of  net-work,  or  of 
linen*. 

The  above-mentioned  membranes  contain  three 
tranfparent  humours,  which  are  called  the  aqueous^ 
the  cryftaUimf  and  the  vitreous. 

The  cryftalline  humour  do  sf  is  a  confiftent  cel- 
lular tranfparent  fubftance  in  the  fhape  of  a  double 
convex  lens,  whofe  hind  furface  dofis  more  ron vex 
than  die  other  furface  dsf^.  The  edge  of  this  lens  is 

attached 


*  The  infertion  of  the  optic  nerve  is  not  exaftly  in  the 
axis  of  the  eye  (viz.  in  the  rtraight  line  E  I,  which  is  fup- 
pofed  to  pafs  through  the  eye  in  a  direcSlion  perpendicular 
to  the  cornea,  and  to  the  cryftalline  lens  y)  but  in  each  eye  it 
deviates  from  the  axis  towards  the  nofe,  by  about  the  14th 
part  of  the  whole  circumference  of  the  eye :  but  this  diftance 
is  not  the  fame  in  all  eyes. 

For  a  more  particular  account  of  the  membranes  of  the 
eye,  as  alfo  of  the  vefTels,  glands,  &c.  that  belong  to  the 
fame  organ  (which  would  be  anneceflary  for  our  prefeut 
purpofe,)  fee  the  anatomical  writers. 

t  It  is  pretty  much  the  opinion  of  anatomifts,  that  the 
cryftalline  lens  confifts  of  mufcular  fibres.     Its  fpecific 
gravity  is  about  1,1,  viz.  very  little  above  that  of  water.   Its 
confiftcnce,  and  of  courfe  its  rcfriU^ive  power,  is  not  uni- 
form 
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attached  dl  round  to  the  ligamcntumcUiare.  All  the 
cavit]^  between  the  cornea  and  the  cryftalltne  humour, 
is  faied  with  a  fluid  called  the  aquecus  fluid  *.  The 
remaining^  which  forms  the  grcateft,  part  of  die 
cavity  of  the  eye,  viz.- ofmlkdoy  is  filled  with  an- 
other fluid  called  the  vifreousf. 

The  figures  8  and  9,  rej)rcfent  the  eye,  for  the 
fake  of  perfpicuity^  larger  than  its  natural  fizc,  and 
not  in  exad  proportion  j  but  the  proper  dimehfionsj 
as  deduced  from  a  great  number  of  actual  mea* 

iurements,  will  be  found  in  the  note  ^. 

When 


form  throughout.  ^^  On  ihe  whole,  Dn  Thomas  Toung 
**  fayh  it  is  probable  that  the  refradive  power  of  the  centre 
*^  of  the  human  crj'ftalline,  in  its  living  ftate,  is  to  that  of 
^  water  nearly  as  18  to  1 7;  that  the  water  imbibed  after 
^  death  reduces  it  to  the  ratio  of  21  to  20;  but  that,  on 
^  account  of  the  unequable  denfity  of  the  lens,  its  eStGt 
"  in  the  eye  is  equivalent  to  a  refraSion  of  14  to  13.  for  its 
"  whole  fis&e."     Phil.  Tranf.  vol.  for  1801,  p.  42. 

♦  This  is  a  very  limpid  water,  and  like  water  in  refpeft 
to  confiftency,  fpecific  gravity,  and  refradive  power. 

t  This,  which  is  by  hx  the  moft  abundant  humour  of 
the  eye,  confifts  of  fmall  cells  diftended  with  a  limpid 
watery  fluid,  (t  but  a  little  exceeds  water  in  refpeft  to 
Ipecific  gravity  and  cefra^live  power.  • 

X  Dim^nfions  of  the  human  eye  at  a  medium^  in  decimal 

parts  of  an  inch. 

The  diameter  of  the  eye  from  outfide  to  outiide, 
taken  at  a  mean  from  the  eyes  of  fix  adult  per- 
ions    --------    0,^0 

R  3  DiAancc 
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When  the  eye  is  open,  and  illuminated  objefts 
are  before  it,  inverted  pidtures  of  thdfc  obgtfts  are 
fonmed  upon  the  retina,  by  the  refraftive  powers  of 
the  above-mentioned  three  humours.  If  the  thicker 
coats  on  the  back  of  a  frefli  eye  be  removed,  and 
the  eye  thus  prepared  be  turntd  towards  objects  that 
are  well  illuminated,  their  pifturcs  may  be  clearly 
perceived  through  the  remaining  thin  coat. 

Whoever  will  trace  the  progrcfs  of  parallel  rays 
(viz.  fuch  as  come  from  a  .very  diftant  himinous 
point)  which  may  be  eafily  done  from  the  meafure- 

Diftanc^  of  the  external  furface  of  the  cornea  from 
/     the  neareft  furfac^  of  the  cryftalline  lens  -         -     0,104 
Radius  of  convexity  of  the  cornea      -         - .        -     0,333 
Radius  of  convexity  of  the  anterior  furface  of  the 

cryftalline  lens,  at  a  mean  from  26  eyes  -  -  0,331 
Radius  of  convexity  of  the  hinder  furface  of  the 

cryftalline,  from  the  fame  eyes  -  -  -  0,250 
Thicknefs  of  the  cryftalline  at  a  moan,  from  the  farhc 

eyes  ----..-     0,185 

Thicknefs  of  the  fclerotica,  about         -         -         -    0,025 
Thicknefs  of  the  choroides  and  retina  together,  about  0,015 

The  fine  of  the  angle  of  incidence  to  the  fine  of  rcfirac- 

tion  -at  E,  viz.  from  the  air  into  the  cornea  and  aqueous 

humour,  is   (as  from  air  into  water)  or  as  4  to  3  nearly. 

At  J,  VIZ,  from  the  aqueous* ii>to  the  cryftalline,  the  ratio 

of  rcfraflion  is  nearly  as  13  to   1 2.     At  f,  viz.  from  the 

» 

cryftalline  into  the  vitreous  humour,  the  ratio  of  refra(Slion 
is  nearly  as  12  to  13. 

ments 
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ments  that  are  mentioned  in  the  note,  and,  from 
what  has  been  faid  in  page  190,  will  find^  chat  by 
the  refradions  of  all  the  humours  through  which 
they  muft  pafs,  they  will  be  coUedbed  to  a  focus  on 
the  retina,  which  therefore  is  the  true. place  of  the 
image.  But  at  the  fame  time  it  is  evident  that  if 
that  be  the  focal  diftance  fer  parallel  rays,  it  can- 
not be  the  focal  diftance  for  diverging  rays;  or,  in 
other  words,  when  the  obje6ts  are  ficuated  at  a  few 
feet  diftance  from  the  eye,  their  true  images  muft 
be  formed  farther  back  ;  confequendy  their  images 
upon  the  retina  muft  be  imperfe£t,  uhlefs  the  retina 
be  fituated  farther  back  by  an  elongation  of  the  axis 
df  the  eye,  or  the  focal  diftance  be  (hortcned  by  the 
alteration  of  fome  other  part.  But  fince  we  may 
perceive  either  diftant  or  near  qbjefts  diftinftly,  it 
is  evident  that  fome  fuch  alteration  does  aAually 
and  neceflarily  take  place.  This  is  called  the  ad- 
juftment  or  accommodation  of  the  eye  for  diftindt 
vifion  J  but  the  difficulty  is  to  determine  how  this 
adjuftmenc  is  effcfted. 

By  fome  perfons  it  has  been  attributed  to  a 
change  in  the  length  of  the  eye,  and  by  others  to  a' 
change  of  curvature  in  the  cornea  ;  but  fome  very 
recent  experiments  render  thofe  alterations  unlikely, 
at  leaft  to  the  full  amount  of  what  may  be  required. 
Other  ingenious  perfons  have  attributed  the  altera- 
tion to  a  change  either  of  the  (ha[;c  of  the  cryftal- 
line  lens,  or  of  its  fituation,  or  of  both  i  and  this 

R  4  opinion 


248  Defcription  of  the  Eye^  l$c. 

opinion  fcems  upon  the  whole  to  be  nearer  to  the 
truth*. 

That  the  eye  cannot  fee  both  near  and  remote 
objc&s  diftinftly  at  the  fame  time,  may  be  eafil/ 
proved.  Let  a  tree,  a  houfe,  or  fome  other  ob- 
jedt  be  upwards  of  50  feet  from  you ;  (hut  one  eye, 
and  whilft  you  are  looking  with  afingle  eye  at  the 
tree,  &c.  hold  a  pin,  a  pencil,  or  fome  other  objed 
in  the  fame  direSion  at  about  a  foot  diftance  from 
the  eye  I  and  it  will  be  found  that  whilft  you  fee 
the  pin  diftindtly,  the  tree  will  appear  indiftinfts 
but  if  you  adjuft  your  eye  fo  as  to  fee  the  tree  dif* 
tinftly,  then  the  pin  will  appear  indiftinft.     .        , 

The  eyes  of  fome  perfons  are  more  capable  of 
adjuftment  than  thofe  of  others*  In  old  perfons  the 
humours  grow  thicker,  and  the  parts  lefs  pliable ; 
hence  their  eyes  are  lefs  capable  of  adjuftment  than 
in  young  perfons. 

The  eyes  of  fome  perfons  can  be  adjufted  for  dif- 
tant  objedts  better  than  for  near  objedls,  and  vice 
verfa.  When  the  eye  is  defeftive,  and  by  its  fize 
or  other  conformation,  parallel  rays  form  their  foci 
before  they  arrive  at  the  retina,  then  the  pcdbn  can 
fee  very  near  objects  only.     Such  perfons  are  faid 


*  For  farther  information  on  this  fubje6^,  the  reader 
may  pcrufe  Prieftley's  Hiftory  of  Vifion,  Light,  and  Co- 
lours i  OIbeis*s  de  oculi  mutationihui  interms\  and  Young's 
Paper  in  the  Philofophical  Tnuifadlions,  vol.  for  1801. 
Art.  II. 

to 
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to  be  ncar-fighted,  or  they  are  called  myopes.-  When 
the  eye  is  flatter  than  ordinary,  then  the  foci  of  rays 
from  pretty  near  objefts  are  formed  beyond  the  re- 
dna.  Perfons  with  fuch  eyes  are  called  ^r^/^;  — 
they  can  adjuft  their  eyes  for  objcfts  beyond  a>  cer- 
tain diftance  only.  The  latter  is  generally  the  cafe 
with  old  perfons  $  but  the  eyes  of  old  perfons  fome- 
times  are  incapable  of  adjuftment  both  fpr  very  near 
and  for  very  diftant  objeAs.  This  comes  from  a 
rigidity  or  want  of  pliability  in  the  parts  *... 

Tbofe  imperfedions  may  in  great  meafur;?  be 
remedied  by  the  ufe  of  proper  glafles  or  fpedtacles  5 
for  fince  in  near-fighted  perfons  the  rays  of  light 
converge  to  a  focus  too  foon,  viz.  before  they 
come  to  the  retina,  concave  lenfes,  which  diminiih 
the  convergency,  muft  remove  the  imperfcdion. 
Aodfbr  thoie  who  can  fee  diftant  objefts  only  with 
tolerable  diftinftion,  viz,  in  whofe  eyes  the  rays  do 
not  converge  foon  enough,  convex  lenfcs,  which 
increafe  the  convergency,  muft  remove  the  imper- 
fefHon. 

When  the  defedt  comes  from  rigidity,  as  in  fomc 
old  perfons,  then  thofe  perfons  require  concave 
glafles  for  viewing  diftant  objefts,  and  convex  glafTcs 


*  Thofe  defeats  are  frequently  brought  on  or.  increafed 

by  habit,  as  by  the  conftant   cuftom  of  viewing  obje<5k 

either  from  too  near  or  from  too  great  a  diftance  j  as  alfo 

b;  the  ufe  of  improper  glaiTes. 

for 
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for  viewing  near  objefts ;  fot  their  ryes  want  botfi 

adjuftments*.     .  . 

The 


*  The  effential  and  extenfive  ufe  of  fpc£bcles,  which 
affords  comfort  to  fo  great  a  number  of  individuals,  who 
would  othcrwife  be  a  burden  to  themfelves  and  to  (bcietjr, 
is  an  inftance  of  the  great  ufefulnefs  of  the  fcience  of  optics. 

No  pains  have,  been  fparcd  to  render  fpe£lacles  as  per- 
fect as  poffible,  and  a  variety  of  contrivances  haye  been 
from  time  to  time  offered  to  the  public.  Spectacles  have 
been  made  with  two  lenfcs  for  each  eye;  alfo  the  \pnfes 
have  been  made  plano-convex  or  plano-concave,  or  of  other 
(hapes;  but  upon  the  whole,  fingle  lenfcs,  either  double 
concave,  or  double  convex,  of  clear  glafs,  well  poIi(he(f  and 
regularly  formed,  are  the  beft. 

When  the  eyes  of  perfons  firft  begin  to  be  afleded  by 
age*  the  opticians  furnifti  them  with  fpe£lacle  lenfes,'  of 
about  40  inches  focus,  which  glafles  are  therefore  called 
number  iff,  or  glaflls  of  the  firft  fight ;  viz.  for  ihc  fight 
when  it  firfl  begins  to  be  impaired  by  age.  But  I  find  con- 
fiderable  dificrence  between  the  focal  diftances  of  fpedhdes, 
N*  I.  made  by  different  opticians.  When  the  focal  length 
is  about  16  inches,  the  lenfes  are  called  N"  2.  About  twelve 
inches  is  the  focal  length  of  N*^  3.  l>n  inches  is  what  they 
call  N*  4,  Nine  inches  is  that  of  N°  5.  Eight  inches  is 
the  focal  length  of  N°  6.  Seven  inches  is  the  focal  length  of 
number  7.  Six  inches  is  the  focal  length  of  N®  8.5  and 
fometimcs  they  make  fpeitaclcs  of  a  focus  fborter  flill. 
Concave  fpeclacles  are  alfo  named  by  fimilar  numbers. 

In  choofing  fpcclacles,  adlual  trial  is  the  beft  guide;  but 
care  mud  be  had  to  ufe  fpectacles  that  do  not  magnify  more 

than 
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The  capability  of  adjuftmcnt  is  greater  or  lefs  in 
different  eyes,  and  it  is  frequently  different  in  the 
two  eyes  of  the  very  fame  perfon  ;  but  in  all  eyes 
there  is  a  limit,  vsrithin  which  vifion  is  not  diftinft. 
This  is  called  the  limit  of  difiinSt  vijion  j  and  with 

ibme  pe rlbns  it  is  as   fhort  as  one   inch,  whilft  in 

* 

others  it  exceeds  20  inches ;  but  in  common  it  will 
be  found  to  lie  between  (ix  and  to  Inches. 

All  the  retina,  as  far  as"  it  is  extended,  is  capable 
of  receiving  the  moft  perfeft  image  of  objcft^. 
There  is,  however,  a  fingle  fpot  where  no  viQon 
takes  place ;  and  this  fpot,  which  is  about  a  40th 
of  an  inch  in  diameter,  lies  exaftly  upon  the  infcr- 
tion  of  the  optic  nerve;  fo  that  we  cannot  perceive 
the  image  of  any  cbjefl:  that  falls  upon  this  fpot  at 
the  hind  pare  of  the  eye,  provided  the  other  eye  be 
'Ihut.     The  exiftence  of  this  (which  we  may  call 


thanis  juft  fufficient  either  for  reading,  or  for  other  neccilkrj 

purpoTes. 

When  a  variety  of  fpeflacles  cannot  aftually  be  tried,  the 

defed  of  the  fight  may  be  exprcflcd  by  mentioning  the  difiance 

from  which  the  perfon  c^n  read,  or  other  peculiarities,  from 

which  the  neceflary  glaflts  may  be  determined  pretty  nearly. 

An  inftrument  for  meafuring  the  exa£l  limits  of  diilin£l 

vilion  was  fome  years  ago  contrived  by  Dr.  Potterfield, 

who  named  it  an  Optometer  (ft:e  his  Work  on  the  Eye, 

vol.  I.]  ^  and  an  improved  one  for  the  fame  purpofc  was 

lately  contrived  by  Dr.  Thomas  Young.     See  his  Pjper  on 

Ac  Mcchanifm  of  the  Eye,  in  tht  Philofophical  Tranfac- 

tionSi  voI/6)r  1801. 

infenfible) 
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infcnfiblc)  fpot  js  moft  convbcingljr  proved  by  the 
following  eafy  experiment. 

Let  three  pieces  of  paper  of  different  (hapes.  A, 
B,  C,  fig.  ic,  Plate  XXI.  be  Mened  on  a  wall^ 
^  at  the  diftance  of  about  two  feet  from  one  another, 
and  let  a.perfon^  keeping  one  of  his  eyes  (hut^  place 
him  felf  nearly  oppofite  to  the  middle  paper  B,  and 
beginning  pretty  near  to  it,  let  him  retire  gradually 
backwards,  whilft  the  open  eye  is  turned  obliquely 
towards  the  outfide  paper,  viz.  that  paper  which 
IS  next  to  the  eye  that  is  (hut;  he  will  find  a  fituatioa 
(which  generally  is  at  the  diftance  of  about  10  feet 
from  the  papers)  where  the  middle  paper  will  en- 
tirely difappear,  while  the  outermoft  papers  cooti* 
nue  vifible.  In  that  fjtuation  the  image  of  the 
middle  paper  falls  exaftly  upon  the  infertion  of  the 
optic  nerve. 

This  obfcrvation  has  been  often  adduced  as  the 
foundation  of  an  argument  to  prove,  that  the  feat 
of  vlfion  is  not  exaftly  at  the  retina,  and  that  either 
the  choroides  or  fome  other  part  of  the  eye  receives 
the  imprcfTion  of  light,  &c. :  but  as  nothing  poHtive 
is  known  with  refpeft  to  this  fubjcft,  viz.  of  the 
manner  in  which  the  perception  of  objefts  is  con- 
veyed to  the  fcnforium ;  and  having  fhewn  that  a 
pifturc  of  the  objefts,  &c.  is  aftually  painted  on  the 
retina,  which  is  going  as  far  as  we  can  in  tracing 
the  aftion  of  light;  I  (hall  not  detain  my  reader 
with  long  and   unprofitable    difquifitions   relative 

to  it. 

There 
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There  is  another  remarkable  adjuftment  of  the 
e  that  requires  to  be  explained ;  and  this  is  the 
Dtiaftion  and  enlargement  of  the  pupil. 
It  has  been  (hewn  above,  that  of  the  innumerable 
rs  which  proceed  from  every  fingle  point  of  an 
jcdt,  c^tiris  paribus y  a  greater  .or  left  quantity 
Is  upon  a  lens  in  proportion  as  the  lens  is  larger  or 
aller,  and  in  the  fame  proportion  is  the  refrafted 
us  or  image,  more  or  lefs  bright.     Now,  by  in-^ 
iSing  fig.  II,  Plate  XXI.  it  will  appear,  that 
er  the  fame  manner  more  or  lefs  rays  from  every 
^  point  of  the  objeft  A  C  B,  will  enter  the  eye 
proportion  as  the  pupil  is  open  more  or  lefs,  and 
:  correfponding  points  a^  b,  r,  of  the  image  will 
proportionately  more  or  lefs  bright.    But  as  the 
lit  from  certain  obje6Vsi  fuch  as  the  fun,  a  bright 
,  &c.  would  be  hurtful  to  the  eye,  and  in  other 
es  the  infufficient  quantity  of  light  would  ren- 
thc  perception  of  objefts  too  faint ;  therefore 
evident  nature  has  furniflied  the  eye  with  a  mt^ 
d  of  enbrging  or  contrafting  its  aperture,  which 
ffefted  by  the  aftion  of  the  iris,  which,  as  has 
n  fhewn  above,  is  a  prolongation  of  the  cho- 
les ;  and  fo  eafy  and  involuntary  is  the  contrac- 
I  of  that  membrane,  that  without  the  leaft  cond- 
ition we  readily  adapt  it  to  receive  a  proper 
ndty  of  light  in  mod  cafes.     Let  a  perfon  turn 
eyes  towards  a  pretty  dark  place,  and  in  that 
ation  by  looking  at  his  eyes,  you  will  find  the 
Ills  much  dilated  \  then  place  a  lighted  candle 

before 
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before  his  eyes  at  about  three  or  four  inches  di(boce> 
and  you  will  perceive  the  pupils  to  become  remark- 
ably  narrow. 

.  In  Ibme  perfons  the  pupil  is  in  all  caies  larger  chan 
in  others^  nor  can  they  contrad:  it  fufficiently.  Such 
perfons  fee  bcft  with  litde  light.  Other' perfons 
have  their  pupils  naturally  narrower  than  ordinary^ 
and  of  courfc  thofe  perfons  fee  beft  in  a  bright/ 
light.  Sometimes  the  pupil  lofes  its  contra&ion 
entirely. 

Though  a  more  open  pupil  will  admit  more  light 
than  one  which  is  lefs  open,  and  of  courfe  objects  that 
are  lefs  luminous  may  be  perceived  by  the  former 
eye  than  by  the  latter;  yet  the  total  want  of  light 
renders  objeds  invifiblc  to  any  eye.  Fair  and  fa- 
tisfaftory  experiments  prove  that,  in  a  room  per- 
fedlly  dark,  no  objeft  can  be  perceived  even  by  the 
eyes  of  a  cat. 

Having  defcribed  the  ftrudure  of  the  human  eye, 
and  the  progrefs  of  light  through  it;  our  next  ob- 
jed  is  to  explain  feveral  phenomena  of  vifion, 
which  otherwife  might  be  confidered  irreconcileable 
to  the  common  theory  of  light ;  and  in  the  firft 
place,  it  may  be  naturally  inquired  how  is  it  that  wc 
perceive  objeds  fingle,  if  they  are  fingle,  or  of  their 
real  number,  though  we  look  at  them  with  two  eyes, 
and  though  a  pifture  of  each  objedt  is  formed  in 
each  eye. 

Of  the  various  opinions, .  which  have  been  ad- 
vanced in  explanation  of  this  difficulty,  the  mod  fa- 

tisfadlory 
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tisfadory  is,  that  in  the  two  eyes  there  arc  corref- 
pOfxling  parts  of  the  retinas  which  are  probably 
iufceptible  of  the  fame  impreffion  in  equal  degree, 
and  convey  it  to  the  fenforium  in  that  equal  degree; 
hence  as  long  as  (imilar  points  of  the  images  fall 
upon  the  correfponding  points  of  the  retinas,  the 
perception  of  the  fame  objedt  is  fingle,  otherwife 
ic  is  double. 

■  Fig.  12,  Plate  XXI.  exhibits  two  eyes  direfted  to 
the  fame  objedt  A  B  \  and  it  is  likely  that  at  oppo«> 
iice  diftances  from  the  infertions  of  the  optic  nerves 
the  retinas  have  correfponding  tenfions,  irritabilities, 
orfufcepdbilities;  for  inftance,  a  may  porrefpond  to 
tf,  ^  to  ^ ;  and  as  long  as  the  like  parts  of  the  images 
fall  upon  thofe  correfponding  parts,  the  obje6l:  ap- 
pears fingle.  It  is  evident  chat  for  this  purpoie  the 
axes  of  the  eyes,  that  is  the  eyes  themfelves,  mull 
be  turned  more  or  lefs  towards  each  other,  accord-* 
ii%  as  the  object  to  which  they  are  direfled  is 
nearer  or  farther,  and  this  is  adli^dly  the  cafes  fo 
that  according  to  the  diflance  of  the  object,  we  not 
only  adjuft  each  eye  for  diftinft  vifion  at  that  dii- 
tance,  but  alfo  adjuft  the  direction  of  both  eyes  in 
order  to  produce  fingle  vifion  of  fingle  dbj'.^fts.  In 
confirmation  of  this  theory,  hold  up  a  finger  bcfc-e 
your  eyes  at  the  diftance  of  8  or  10  inches,  whiift 
a  man,  a  window,  or  other  objedt,  is  bt^forc  you  a: 
a  much  greater  diftance,  and  you  will  find  tliut  if 
you  endeavour  to  look  Readily  at  the  finger,  viz.  by 
dircdtiog  the  axis  of  both  eyes  towards  it,  die  mnn. 
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&c.  will  appear  not  only  indiftind^  but  alfb  doubfe* 
If  you  endeavour  to  fee  the  man  diftindUy  and 
fingle,  the  finger  will  at  the  fame  time  appear  dou- 
ble and  indiflind. 

It  is  from  this  adjuRment  that  we  are  in  great 
meafure  enabled  to  judge  of  the  diflances  of  ob- 
jefts,  when  thofe  diftances  arc  not  very  great«  It- 
is  from  this  adjuftment,  or  from  the  diredion  of 
the  two  eyes,  that  we  judge  whether  a  periba  is 
looking  at  us  or  not* 

When  from  particular  configuration,  or  from  bad 
habit,  the  axes  of  the  two  eyes  do  not  appear  to  be 
direfted  to  the  objeft  which  they  adlually  have  io 
view>  then  the  perfon  is  faid  to  /quint.  But  it  does 
not  follow  that  the  fquinting  perfon  fees  every  ob- 
jeft  double ;  for  the  apparent  improper  diredion 
of  the  eyes  may  be  owing  to  the  unufual  fituadoo 
of  the  parts  of  the  eye  j  yet  the  like  parts  of  the 
two  images  may  fall  upon  correfponding  parts  of 
the  retinas. 

In  the  next  place  it  may  be  inquired  how  do  tie 
perceive  objefts  ereft  or  in  their  proper  fituations, 
confidering  that  the  image  is  inverted  upon  the  re- 
tina. Various  opinions  have  been  advanced  in  ex- 
planation of  this  difficulty  ^  but  the  mod  plauGbk 
is,  that  the  mind  contemplates  the  objedt  and  not  its 
image,  and  that  by  experience  we  are  accuftorocd 
to  confidcr  the  lower  part  of  the  picture  as  indicat- 
ing  the  upper  part  of  the  objeft,  and  vice  verja.  Or 
by  referring  the  fituation  of  objedts  to  other  fur- 
rounding  obje<fts :  hence  if  a  perfon  looks  at  a  houfc, 

'  and 
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and  whether  he  turns  his  head  one  way  or  the  other* 
and  even  upiide  down>  the  houfe  does  always  ap- 
pear ereft. 

The  perceptions  of  our  fcnfes  are  fo  dilEcuIdy 
inveftigated,  and  fo  influenced  by  aflfuefaAion,  &c« 
that  we  can  hardly  comprehend  any  of  them  with 
-full  certainty  and  facisfa&ion. 

Our  judgment  of  the  diftances  as  alio  of  thefize  of 
obje6lswhich  we  perceive  by  our  fight,  is  influenccdby 
the  concurrence  of  fcveral  circumftances;  viz.  we  are 
diirfted  to  form  ouijudgmenr,  ift,  from  the  apparent 
magnitude  of  the  objefts ;  adly,  from  the  ftrengthof 
die  colouring  and  diftinflnefs  pf  their  minute  parts; 
3dly,  from  the  direftion  of  the  two  eyes ;  and  4thly> 
from  their  ficuation  in  relation  to  other  obje£ts.  And 
our  judgment  is  more  or  lefs  liable  to  be  wrong,  ac* 
cordins:  as  one  or  more  of  thofe  circumftances  are 
wanting.     Thus  a  perfon  with  one  eye  is  lefs  ca* 
pable  to  judge  of  the  diftance  of  an  objeft  than  a 
man  with  two  eyes,  as  in  that  cafe  the  third  cir- 
cumftance  is  wanting.     Thus  if  a  man  fix  feet  high 
be  lituated  at  40  feet  diftance  from  us,  and  a  boy 
3  &et  high  be  fituated  at  20  feet  diftance,  they  will 
fubceod  equal  angles  at  pur  eyes,  and  therefore 
they  ought  to  appear  equally  high  ;  yet   from  t!*e 
formation  of  their  lioibs,  and  their  fituation  relatively 
to  other  objcAs,   we  do  by  no  means  think  them 
equally  high. 

A  fmall  objedt  near  us,  and  a  large  one  a*- '^- 

ponionate  diftance,  fubtend  die  fame  vifus 

vou  III.  %■ 
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but  (be  diftant  objeft  appears  indiftin£t.  Hence  if  » 
fmall  and  near  objeft  is  bjr  any  means  rendered  in- 
diftinft,  we  are  apt  to  take  it  for  a  large  diftant  ob« 
jeft.  Thus  a  fty  or  other  infcft  often  paffes  by  our 
eyes,  when  the  eyes  are  direfted  to  fome  other  ob« 
jeSt ;  in  which  cafe  the  fly  appears  indiftinft»  and 
we  frequently  take  it  for  a  crow  at  a  diftance. 

When  the  moon  is  near  the  horizon,  the  thick* 
Hefs  of  the  atmofphere  renders  it  le6  bright  and  Icfi 
(iiftin^t  than  when  it<is  higher  up :  hence  we  imagtoe 
it  to  be  farther  off  in  the  former  cafe  than  ia  the 
latter;  and  becaufe  we  imagine  it  to  be  fiirther  %S, 
we  take  it  to  be  a  much  larger  obje£t  dian  when  k 
is  higher  up;  in  which  fituadon  we  imagine  it  to  bt 
nearer  to  us,  from  its  appearing  much  brighter. 
For  it  appears  from  adual  meafurement,  that  the 
fize  of  the  moon  is  fmaller  near  the  horizon  than 
when  it  (lands  higher  up.  So  that  this  well  known 
phenomenon  of  the  horizontal  moon  is  merely  an  i^ 
lufion. 

The  very  remarkable  exhibition  made  in  London 
for  fome  years  paft,  under  the  name  of  Panorama^ 
produces  a  furprizing  efFeft  from  the  fame  above- 
mentioned  caufcs,  A  circular  pidure,  in  a  circular 
building  whofe  diameter  is  about  40  feet,  is  ex- 
hibited to  the  fpeftator,  who  (lands  near  the  centre 
of  the  circle,  and  every  other  object  with  which 
the  painted  objcfts  might  be  compared^  are  re- 
moved from  his  light;  in  confequence  of  which,  and 
on  account  of  the  indiftindnefs  of  the  painted  ob- 

9  jcftsj 
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jcBOf  he  is  led  to  ima^e  that  they  are  real  ob* 
joAs  of  the  natural  fizc  at  much  greater  diftances. 

With  leljpefl  to  apparent  motion,  our  judgment 
is  likewUe  apt  to  be  miftaken;  for  when  our  eyes 
are  dircAcd  to  any  particular  obje£t>  and  follow  it 
infoifibly)  every  other  objed  which  deviates  from 
that  diFcdiony  is  frequently  taken  for  a  nnoving 
dtjoBL  Thus  when  the  clouds  ^ire  pafling  fwifdy 
by  the  moon^  if  we  look  fteadily  at  the  clouds,  the 
moon  appears  to  run  fwifrly  by.  If  we  look  fteadily 
at  the  onoon,  then  the  clouds  appear  to  move  on 
lapidjy.  Thus  alfo  a  perfon  in  a  boat,  keeping  his 
eyes  either  immoveable,  6r  looking  at  fome  part  of 
the  boat,  will  frequenriy  imagine  that  the  coaft  is 
moving  away. 

A  qoefljon  is  frequently  aflced  with  refpeft  to 
our  perception  of  black  obje£ts>  viz.  that  fince 
blackaeis  is  a  privation  or  abforption  of  all  colours, 
what  do  we  fee  when  we  perceive  a  black  object  ? 
Theanfwer  to  this  queftion  is,  that  we  fee  not  the 
bhck  ol:jedt  itfeif,  but  we  fee  the  objects  that  fur-- 
rauod  it,  the  boundaries  of  which  on  that  fide  are 
the  fimie  as  the  boundaries  of  the  black  object.  A 
deep  hole  from  which  no  light  is  reflected,  and  a 
Uack  fpot  of  the  fame  fize  appear  alike  to  our  eyes. 
When  «e  look  at  a  black  hat,  or  other  like  objed, 
wc  perceive  die  bendings,  edges,  and  other  promi^ 
ocDt  parts  of  it,  becaufc  thofe  parts  are  not  perfedly 
dark ;  but  they  refled  fome  light  to  our  eycs^  fufH* 
cient  ID  diftinguilh  one  part  from  another. 
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Tte'  above-mentioned  deceptions,  to  which  oar 
eyes  are  liable,  inftrucb  us  not  to  believe  the  flip*, 
poied  in^Uible  evidence  of  the  l^ght,  when  reafon  is 
againft  it. 

There  is  one  phenomenon  more  of  (imple  fi^t, 
which  deferves  to  be  explained  before  we  pafs  on  to 
the  examinadon  of  vifion  through  Icnfes. 

When  the  eye-lids  are  pretty  clofe,  or  aimoft 
fhut,  land  efpecially  when  they  are  moift,  on  looking 
at  a  candle,  two  long  irradiations  NM  are  feen  to 
dart  from  the  candle  upwards  and  dojvnwards,  as  in 
fig«  13,  Plate  XXI.  the  caufe  of  which  is,  that 
the  rays  of  light  which  fall  upon  the  edge  of  the 
lower  eye-lid,  as  at  I,  are  by  it  reflefted  into  the 
eye  at  L  D,  where  it  forms  a  long  fpe6trum>  on 
account  of  the  curvature  of  the  edge  of  the  eye- 
lid; and  for  die  fame  reafon  the  rays  which  fall 
upon  the  edge  of  the  upper  eye-lid  at  H,  are  re- 
ficftcd  by  it,  and  form  the  long  fpedrum  O  X,  on 
the  oppofite  fide  of  the  eye.  ^  In  faft,  if  by  the 
interpofition  of  an  opaque  body  P,  the  upper  rays 
be  intercepted,  then  the  lower  fpcArum  or  irra- 
diation will  vanifh;  and,  if  the  lower  rays  be  in- 
tercepted, then  the  upper  irradiation  will  vanifh. 

.  The  eyes  of  different  perfons,  in  all  probability, 
do  not  receive  the  fame  imprcffioni^  from  the  fame 
colours;  and  this  is  fcrr?rinles  the  cafe  with  the 
fame  perfon  at  different  times,  efpecially  when  the 
body  is  not  in  a  found  (late.  To  fuch  perfons  ail 
obje(5):s  (bmetimes  appear  tinged  either  yellow,  or 
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green^  or  red^  &c.  Several  cafes  are  recorded^  in 
the  Philofophical  and  other  Tranfa£lions  of  learned 
focietieSf  of  perfons  who  laboured  under  thofe 
imperfedions  of  fight,  as  alfo  of  fome  who  could 
not  diflinguifh  certain  colours  from  one  another* 
Thole  imperfeftions  ma)r  arife  fronrj  a  mixture  of 
particular  juices  with  the  humours  of  the  eye,  or 
from  particular  configurations,  with  which  however 
we  are  not  acquainted. 

With  rcfpedl  to  the  phenomena  of  vifion  through 
glafi  lenfesj  perhaps  what  has  been  faid  in  the  pre- 
ceding pages  might  be  deemed  fuHicicnt^  viz.  that 
convex  lenfes,  by  inclining  the  rays  more  towards 
each  other>  before  they  come  to  a  focus,  in- 
creafe  the  vifual  anglci  and .  enlarge  or  magnify 
the  appearance  of  the  obje6l  \  and  that,  on  the 
contrary,  the  concave  lenfes  diminilh  the  vifual 
angle,  &c.  But  notwithftanding  the  univerfality 
of  this  principle,  moft  beginners  find  it  difficult 
to  comprehend  the  real  aftion  of  convex  lenfes, 
and  to  account  for  all  their  cfFefts.  It  will  there- 
fore be  neceflary  to  give  a  more  particular  expla- 
nation of  the  effefts  of  the  laft  mentioned  lenfes, 
cfpecially  as  the  fame  is  of  confiderable  afliftance  in 
explaining  the  properties  of  moft  of  the  optical 
inftruments,  which  will  be  defcribed  in  the  next 
chapter. 

When  an  objeft,  fituated  in  the  focus  of  a  con- 
vex lens,  is  viewed  by  an  eye  fituated  on  the  othc 
fide  of  the  lens,   that   objeft  will  appea 

larger  than  it  would  if  the  len^ 
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pofed  :  but  \fy  when  the  lens  is  removed^  the  objeft 
be  brought  nearer  to  tt&e  eye,  then  it  will  appear  as 
large  as  it  did  in  its  former  iituationy  viz.  when 
it  was  viewed  through  the  lens;  for  by  bringing  the 
objeA  nearer  to  the  naked  eye,  the  vifual  ar^le  is 
enlarged,  as  it  was  enlarged  in  the  former  cafe  by 
the  refraftion  of  the  lens  that  was  interpofed. 

Could  we  bring  objeds  unlimitedly  near  to  our 
eyes,  and  could  we  adjuft  our  eyes  for  viewing  thofe 
objefts  diftin^y  at  any  diftance,  then  convex  Icnfes 
would  be  ufelefs.  But  oiir  eyes  are  capable  of  ad- 
juftmcnt  within  certain  limits,  viz.  for  rays  that 
come  from  any  fingle  radiant  point,  tither  panillel 
or  nearly  ib.  When  the  objeA  is  nearer  than  fix> 
or  eight,  or  ten  inches,  the  rays  are  too  divci^gent 
for  the  eyes  of  moft  perfons.  This  diftance  therefore; 
viz.  eight  inches,  may  be  reckoned  as  the  ordinary 
limit  of  diftinft  vifion. 

It  has  been  alfo  obferved,  that  few  men  can  diftin- 
guifh  an  objeft  which  fubtends  at  the  eye  an  angle 
fmaller  than  half  a  minute :  therefore  an  objeft, 
whofe  diameter  is  fmaller  than  the  chord  of  half  a 
minute  to  a  radius  of  eight  inches,  is  thfc  leaft  obje6l 
which  the  naked  eyes  of  moft  men  can  diftinguiOi. 
The  diameter  of  fuch  an  objeft  is  o,ooii6  of  an 
inch  *. 

Now  the  great  ufc  of  lenfes  is,  to  enable  us  to 
diftinguifh  objefts  that  are  otherwife  invifible  to 
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uSf  viz.  vrben  the  whole  objeft^  or  any  part  of  it  that 
may  be  defired  to  be  diftinguilhed^  fubtends  an 
an^  fmaller  than  half  a  minute,  or  is  fmaller 
dian  O9OO1 16  of  an  inch.  The  lens^  or  the  combi* 
nation  of  lenfes,  that  perform  this  office  are  called 
microfc&pis ',  and  in  the.  former  cafe  it  is  called  a 
(mgle  micrffcapfs  whereas  in  the  latter  it  is  called  a 
€§mfou9id  micro/cope. 

A  (ingle  lens  (as  has  been  already  obferved  in  the 
preceding  pages)  when  an  obje£t  is  placed  before 
ic,  cOHTerges  the  rays  of  each  radiant  point  to  a 
hem  on  the  other  fide,  where,  if  a  fcreen  be  fitu- 
atedy  an  image  of  that  objed  will  be  formed ;  other* 
wife  the  rays  will  proceed  divergingly  beyond  that 
fixrus.  It  mud  likdwife  be  recolle6bed,  in  confequence 
of  what  has  been  faid  above  of  the  conjugate  foci 
of  a  lens,  that  if  the  conjugate  foci  are  equidiftant 
fFom  the  lens,  then  the  image  will  be  equal  to  the 
olgeA;  otherwife  the  fize  of  the  one  will  exceed  that 
of  the  other,  in  proportion  as  the  former  is  farther 
R^m  the  lens  than  the  other.  Or  in  other  words, 
the  lengths  of  the  objeA  and  of  the  image  are  as 
their  rcfpeftive  diftances  from  the  lens.  Now  with 
refpe£i  to  the  eye,  it  mud  not  be  imagined  that  the 
lens  forms,  by  its  refraftion,  an  imagft  of  the  objed: 
on  the  retina,  in  the  fame  manner  as  it  forms  the 
image  upon  the  fcreen ;  becaufe  from  the  lens  to* 
wards  the  fcreen  the  rays  proceed  convergingly  i 
whereas,  if  they  proceeded  convergingly  to  the  eye, 
the  humours  of  that  organ  would  converge  them  a 
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great  deal  more  than  is  neceflary  to  form  a  focus  or 
image  upon  the  retina.  But  the  real  office  of  a  lens 
that  is  adapted  to  the  eye^  is  to  render  the  rays  of 
every  fingle  radiant  point  parallel ;  for  the  eye  re- 
ceives  thofe  parallel  rays,  and  in  virtue  of  its  own 
rcfraftive  power,  converges  them  to  a  focus,  or 
forms  an  image  of  the  objeft  upon  the  retina. 

Fig.  14,  Plate  XXL  reprefents  an  objeft  AB 
fituated  at  the  principal  focal  diAance  of  the  lens 
£D:  therefore,  from  what  has  been  faid  above» 
(page  a  1 8,)  the  rays  which  proceed  frQnv  every- 
lingle  radiant  point,  as  A,  or  I,  or  B,  or  any  others 
£ill  divergingly  upon  the  lens,  ^nd  after  haying 
paiTed  through  it,  proceed  in  a  parallel  diredion, 
viz.  the  conical  rays  A  D  E  proceed  cylindrically, 
or  become  the  parallel  rays  E P,  CO,  D  W  i  the 
ray$  II>E  become  the  parallel  rays  EF,  CG, 
DH  J  and  fo  on.  Now  if  an  eye  be  fituated  near 
the  lens,  and  QJR  be  confidered  as  the  diameter 
of  the  pupil,  it  is  evident  in  the  firft  place,  tliat  the 
rays  from  every  fingle  point  of  the  objc6t,  enter 
the  pupil  in  a  parallel  direction  ;  fccondly,  the  ex- 
treme rays,  A  EQ^  and  BDR,  enter  the  eye  and 
limit  the  field  of  view ;  for  the  other  rays,  as  ACO, 
A  D  W,  &c.  which  come  from  the  fame  extreme 
point  A,  do  noc  enter  the  pupil  QJ^.  Hence  it  is 
that  if  part  of  the  lenfe's  furface  be  covered,  a  por- 
tion of  the  objcft  will  likewife  be  rendered  invifible  i 
pr,  which  is  the  fame  thing,  the  field  of  view  is  pro- 
portionate to  the  aperture  of  the  lens.     Thirdly,  it 

appears 


Befcriftion  of  the  Eye^  (^c.  a6  5 

appears  that  the  obje£t  will  be  fcen  diftinf^ly^  whe- 
ther the  eye  be  placed  nearer  to  or  farther  from  the 
lens ;  but  a  fmaller  part  of  it  will  be  fcen  when  the 
pupil  is  farther  off,  as  at  S  T,  than  when  nearer^  as 
at  QJl ;  becaufe,  when  S  T  is  the  aperture  of  the 
pupily  the  extrenne  rays  AEP,  BDM,  which  en- 
tered it  at  QR,  will  not  now  enter  it.  Fourthly, 
with  rcfpeft  to  the  magnifying  power,  it  muft  be 
obfervcd  that  the  axes  of  any  two  pencils,  as  for  in- 
fiance,  the  axes  ACO,  BCL,  form  an  angle  AC& 
at  the  centre  of  the  kns,  which  is  equal  to  the  angle 
£i/D,  formed  at  the  eye  by  the  extreme  rays 
A£  J,  BD^;  which  arifes  from  the  parallelifm  of 
the  rays  ACO,  £ d,  and  BCL,  Dd.  Therefore 
the  diftance  of  thofe  two  points,  or  the  length  of 
the  objeft  A  B,  will  be  fcen  under  the  fame  angle 
of  vifion  as  if  the  naked  eye  were  fituated  at  C : 
but  the  naked  eye  cannot  fee  an  objed:  diftin6tly  ac 
a  diftance  lefs  than  8  inches ;  therefore  the  eye  at 
QR,  or  at  S  T,  will  be  enabled,  by  the  aftion  of 
the  lens,  to  fee  the  objeft  A  B  enlarged  j  as  if  the 
naked  eye  itfelf,  fituated  at  C,  faw  the  objed  at  the 
diftance  C  Y  of  8  inches,  and  as  large  as  ZX.  So 
that  the  iize  of  the  image  is  to  the  fize  of  the  object 
as  8  inches  is  to  the  focal  diftance  of  the  lens.  Thus 
a  lens,  whofe  principal  focal  diftance  (or  focus  of 
parallel  rays)  is  one  inch,  will  magnify  8  times.  If 
the  focal  length  be  h?lf  an  inch,  the  lens  will  mag- 
nify 16  times,  and  fo  forth.  In  (hort,  to  find  the 
magnifying  power  of  a  lens,  divide  8  inches  (or 
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the  (horteft  diftance  of  diftinft  vifion  for  anjr  pam- 
ciilar  eye)  by  the  focal  length  of  the  lens,  and  the 
quotient  Ihews  how  many  times  the  length  or  di«- 
ameticr  of  the  image  will  exceed  that  of  the  obje^ 
The  magnifying  powers  of  lenfes  are  generally  ex^ 
preflcd  by  the  length  or  diameter  of  the  image, 
ctherwife  called  the  Ihual  dimenfions.  Thus  wlien  a 
leiis  is  faid  to  magnify  the  objefb  four  times,  the 
meaning  is,  that  the  image,  or  the  appearance  of 
d|e  objedl:  dirough  the  lensj  is  five  times  as  long  or 
as  broad  as  die  objcA  itfelf.  Some  writers  ibme- 
dmes  reckon  the  magnifying  power  by  the  furface, 
and  others  even  by  the  (blidity.  Thus  fpcaking  fd 
the  fame  above-mentioned  lens,  it  may  be  laid  that 
k  magnifies  five  times  in  length,  or  25  times  in  fur- 
fiice,  or  135  times  in  folidity  ;  fince  the  fur&ces  of 
limilar  bodies  are  as  the  fquares  of  their  lengths,  or 
of  other  like  dimenfions,  and  their  folidities  are  as 
the  cubes  of  their  lengths,  or  of  other  like  dimen- 
fions. 

It  has  been  mentioned  above  that  the  fpherical 
curvature  of  lenfes  does  not  converge  the  rays  of 
the  fame  radiant  point  exadly  to  one  refradled  focus, 
and  that  the  aberration  or  indiftin<5lners  which  arifes  * 
therefrom,  increafcs  with  the  thicknefs  of  the  lens 
and  with  the  increafe  of  curvature.  But  we  muft 
here  farther  obfcrve,  that  from  the  properties  of 
fpherical  furfaces,  from  the  refraftion  of  glafs,  &c, 
it  has  been  demonftrated  by  the  writers  on  Optics, 
that  the  aberrations  of  lenfes,  which  h4ve  the  fame 

curvature 
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currature  but  difierent  apertures  (viz.  areas)  are  as 
the  cubes  of  die  apertures  refpeAively ;  and  that 
when  the  lenles  have  equal  apertures,  then  the  aber« 
rations  are  inverfely  as  the  fquares  of  the  radii  of 
curvature*.  Whence  it  follows,  that  when  large 
lenfes  which  do  not  magnify  much,  are  ufed  finglf, 
the  aberratioh  is  tolerable  in  moil  cafes ;  but  when 
the  lenfes  have  a  confiderable  magnifying  power,  and 
are  to  be  uled  for  nice  purpofes,  then  the  aberration 
or  indiftinflnefs  is  very  detrimental. 

In  order  to  obviate  this  inconvenience,  varioua 
contrivances  have  been  oflfered;  but  the  only  one 
which  anfwers  the  purpofe  to  a  confiderable  degree^ 
is  a  combination  of  two  fhallow  lenfes,  fet  at  a 
little  diftance  from  each  other^  which  are  ufed  as  a 
fingle  lens. 

Fig.  15,  Plate  XXI.  reprefents  fuch  a  com* 
bination  of  two  lenfes;  and  they  are  piano-con vex^ 
fince  that  Bgure  admits  of  Irfs  aberration  than  any 
other.  Let  F  be  the  focus  of  the  fingle  lens  N  M; 
(b  that  an  objed:  placed  at  F  may  be  feen  magnified 
through  that  lens.  Now  when  the  other  lens  G  H 
is  placed  between  the  firft  lens  and  its  focus,  the 
rays  which  proceed  from  the  objcft,  by  paffing 
through  both  lenfes,  are  bent  more  than  by  a  fingle 
lens :  hence  the  focus  is  fhortened,  viz.  the  focus 
of  both  conjointly  will  be  at  /;  fo  that  thole  two 
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lenies  aA  as  a  fingle  lens  of  a  much  greater  cunra^ 
turc.  But  the  advantage  which  the  former  have 
over  the  latter  is,  that  the  curvatures  of  the  two 
lenfes  conjointly  are  lefs  than  the  curvature  of  the 
fingle  lensj  that  has  an  equal  magnifjring  power;  in 
coniequence  of  which  lefs  aberration  and  a  larger 
field  of  view  is  obtained  by  the  combination  of  the 
two  lenfes. 

The  advantages  of  the  two  lenfes  is  derived  from 
the  fpace  which  is  left  between  thetn.  In  fi&,  by 
altering  that  diftance  the  magnifying  power  is  allb 
altered.  I  (hall  not  detain  my  reader  with  a  long 
inveftigation  of  the  precile  degree  of  aberration^ 
field  of  view^  and  other  particulars  relative  to  the 

.above-mentionefl  combination  of  lenfes.  Whoever 
wiflies  to  be  informed  particularly  thereon,  may  by 
himfclf  trace  the  rays  of  light  through  tliofe  Icnfcs, 
after  the  manner  wliich  has  been  fufficiently  de- 
fcribed  in  the  preceding  pages  j  or  he  may'perufc 
any  of  the  principal  works  which  have  been  written 
cxprefsly  upon  Optics  within  thefc  50  or  60  years. 
I  (hall  only  add  a  rule  neceffary  for  determining  the 
compound  focus  of  fuch  lenfes;  viz.  the  focal  lengths 
cftwo  lenfes y  and  the  diftance  between  tbeniy  being  given, 
to  find  the  focal  length  of  a  fingle  lens  that  has  the  fame 
magnifying  power  as  the  two  combined  lenfes. 

Rule.  Subtraft  the  diftance  from  the  fum  of  the 
two  focal  lengths,  and   note  the  remainder;  alfo 

, multiply  the  two  focal  lengths  together.     Divide 
this  produft   by  the  above   remainder,   and  the 

quotient 
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quotient  is  the  focal  length  of  the  fingle  lens  as  re- 
quired. 

ExdmpU.  Let  the  focal  length  of  one  lens  be 
%  inches,  that  of  the  other  be  6  inches,  and  let  the 
diflancc  |>etween  the  two  lenfes  be  4  inches ;  then 
die  fum  of  the  two  focal  lengths  is  14  inches,  from 
wluch  fiibtraft  4,  and  there  renuins  10.  The  pro- 
dtift  of  8  by  6  is  48,  which,  being  divided  by  10, 
quotes  4,8  inches ;  and  this  quotient  is  the  focal 
length  of  a  (ingle  lens,  which  will  have  the  lame 
magmfying  power  as  the  combination  of  the  two 
given  lenles ;  but  not  the  fame  diftinflnefs,  nor  fo 
large  a  field  of  view. 
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to  the  part  next  to  the  hinge  P  C,  and  vice  vufdj 
as  may  be  eafily  conceived  by  the  leaft  refleAion. 

The  Ihape  of  the  xamera  obfcura  has  been  aU 
tcred  in  a  great  variety  of  ways;  ibmetimcs  the 
looking-glafs  is  placed  before  the  lens^  and  the  bot 
is  placed  (Iraight  up.  In  this  conftruftion  the  rays 
are  bent  before  they  pafs  through  the  lens,  and  the 
image  orpifture  is  formed  within  at  the  bottom  of 
the  box:  hence  in  order  to  view  it,  one  lateral  fide 
of  the  box  is  cut  off,  and  the  obferver  looks  at  the 
pifture  through  that  opening,  or  introduces  his  hand 
through  it  for  the  purpofc  of  drawing  an  outline  of 
the  ptfture. — N.  B.  A  curtain  of  fome  dark  ftuff 
muft  be  laid  over  the  obferver,  in  order  to  prevent 
the  introduftion  of  any  f xtraneous  light. 

0/  the  Magic  Lantern. 

Fig.  I,  Plate  XXII.  reprefents  the  machin?, 
with  the  effeft  ir  prockiccs.  By  means  of  this  in- 
ftrumcnt  fmall  coloured  images  painted  upon  glais 
are  confidcrably  magnified,  and  thrown  upon  the 
wall  of  a  dark  room,  in  their  natural  and  vivid 
colours,  to  the  great  entertainment  of  theby-ftanders, 
cfpecially  of  children. 

Fig.  2,  (hews  the  internal  parts  of  the  machine 
fig.  I,  placed  at  their  proportionate  diftanccs.  The 
lantern  contains  a  candle  A,  or  fometimes  two, 
or  dirce,  or  more  burners  placed  clofc  to  tach 
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other  J  a  rcflcdor  .M  N,  which  is  fo  fituatcd 
as  to  have  the  light*  A  in  its  focus.  On  the 
fore  pare  of  the  lantern  there  is  a  thick  double 
convex  lens  C  D,  or  a  plano-convex  (ufually 
CftUed  a  huU^s  eye)  of  ihort  focus.  The  lantern 
is  doled  on  every  fide,  fo  that  ho  light  can  come 
out  of  it,  but  what  paflfes  through  the  lens  CD. 
lo  the  direftion  of  this  lens  there  is  a  tubcj 
or  apparatus,  fixed  to  the  -lantern,  which  has  a 
lateral  aperture  from  fide  to  fide,  through  which  the 
glais  Aider  with  the  painted  fmall  images,  is  moved 
in  an  inverted  poGtion.  G  H  reprefents  one  of 
thele  images.  The  fore  part  of  the  tube  contains 
another  Hiding  tube,  which  tarries  the  double  con- 
vex lens  EF.  The  cffeft  of  thofe  parts  is  as 
follows : 

The  thick  lens  C  D  throws  a  great  deal  of  light 
from  the  candle  A  upon  the  image  G  H.  And  to 
increafc  that  light  ftill  more,  the  refle6tor  M  N  is 
often,  but  not  always^  placed  in  fuch  lanterns ;  for 
IS  the  flame  is  in  the  focus  of  the  refledlor,  the  light 
proceeds  in  parallel  lines  from  the  reflector  to  the 
lens  C  D.  The  image  G  II  being  thus  well  illu- 
minated, fends  forth  rays  from  every  point,  which, 
by  pafling  through  the  lens  E  F,  are  converged  to 
I  focus  upon  the  wall,  and  form  the  large  image» 
IS  is  fliewn  in  fig.  1 . 

What  has  been  faid  above  of  the  conjugate  foci 
rf  a  lens  will  Ihew  the  neccfTicy  of  moving  the 
ens  EF  nearer  to,  or  farther  from,  the  paif  "^ 
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to  dhe  part  next  to  the  hinge  PC,  and  vice  vitfd^ 
as  may  be  cafily  conceived  by  the  Icaft  refleAion.  ■ 
The  (hape  of  the  xamera  obfcura  has  been  aU 
tcrcd  in  a  great  variety  of  ways;  (bmetinies  the 
looking-glafs  is  placed  before  the  lens,  and  the  host 
is  placed  ftraight  up.  In  this  conftruftion  the  rays 
are  bent  before  they  pafs  through  the  lens,  and  the 
image  orpifture  is  formed  within  at  the  bottom  of 
the  box:  hence  in  order  to  view  it,  one  lateral  fide 
of  the  box  is  cut  off,  and  the  obferver  looks  at  the 
pifture  through  that  opening,  or  introduces  his  hand 
through  it  for  the  purpofe  of  drawing  an  outline  of 
the  pifture. — N.  B.  A  curtain  of  fome  dark  (luff 
muft  be  laid  over  the  obftrver,  in  order  to  prevent 
the  introduftion  of  any  extraneous  light. 

• 

Cf  the  Magic  Lantern. 

Fig.  I,  Plate  XXII.  reprefents  the  machine, 
with  the  cffeft  it  produces.  By  means  of  this  in- 
ftrumcnt  fmall  coloured  images  painted  upon  glals 
are  confiderably  magnified,  and  thrown  upon  the 
wall  of  a  dark  room,  in  their  natural  and  vivid 
colours,  to  the  great  entertainment  of  thcby-ftanders, 
cfpecially  of  children. 

Fig.  2,  (hews  the  internal  parts  of  the  machine 
fig.  I,  placed  at  their  proportionate  diftances.  The 
lantern  contains  a  candle  A,  or  fomedmes  two, 
or  dirce,  or  more  burners  placed  clofc  to  each 
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other ;  a  rcflcdor  .M  N,  which  is  fo  fituatcd 
as  to  have 'the  light*  A  in  its  focus.  On  the 
fore  pare  of  the  lantern  there  is  a  thick  double 
convex  lens  C  D,  or  a  plano-convex  (ufually 
called  a  buU*s  eye)  of  ihort  focus.  The  lantern 
is  cloled  on  erery  fide,  fo  that  ho  light  can  come 
out  of  it,  but  what  paflfes  through  the  lens  CD. 
In  the  dtreftion  of  this  lens  there  is  a  tube, 
.  or  apparatus,  fixed  to  the  -lantern,  which  has  a 
lateral  aperture  fronn  fide  to  fide,  through  which  the 
gla&  Aider  with  the  painted  fmall  images,  is  moved 
in  an  inverted  poGcion.  G  H  reprefents  one  of 
thefe  images.  The  fore  part  of  the  tube  contains 
another  Hiding  tube,  which  tarries  the  double  con- 
vex lens  EF.  The  cffcft  of  thofe  parts  is  as 
fellows : 

The  thick  lens  C  D  throws  a  great  deal  of  light 
from  the  candle  A  upon  the  image  G  H.  And  to 
increalc  that  light  ftill  more,  the  refie6tor  M  N  is 
ofieh,  but  not  always^  placed  in  fuch  lanterns  -,  for 
as  the  flame  is  in  the  focus  of  the  refledlor,  the  light 
proceeds  in  parallel  lines  from  the  reflector  to  the 
kns  C  D.  The  image  G  H  being  thus  well  illu- 
minated, fends  forth  rays  from  every  point,  which, 
by  palfing  through  the  lens  E  F,  are  converged  to 
a  focus  upon  the  wall,  and  form  the  large  image» 
as  is  fliewn  in  fig.  1  • 

What  has  been  faid  above  of  the  conjugate  foci 
of  a  lens  will  Ibew  the  necefTicy  of  moving  the 
lens  EF  nearer  to,  or  farther  from,  the  painted  image 
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G  H,  according  to  the  diftance  of  the  wall ;  and 
does  like  wife  (hew  why  is  the  reprefentadon 
upon  the  wall  fo  much  larger  than  the  painted 
image  G  H« 

Jn  fome  magic  lanterns,  inftead  of  the  Gngle  lens 
E  F,  two  lenfes  are  ufed  of  Icfs  curvature,  and  fet  at 
a  little  diftance  from  ^ach  other  j  which  aft  radier 
better  than  a  (ingle  lens.    See  (ig,  3,  where  i>  is  a 

diaphragm. 

Of  Dioptric  ^ekfcapes. 

The  magnifying  powers  of  lenfes  have  been  (hewn 
to  be  inyerfely  as  their  principal  focfal  lengths; 
from  which  it  follows,  that  very  diflant  obje&s  are 
not  fenfibly  magnified  by  the  interpofition  of  a 
fingle  lens;  but  that  effed  may  be  product  by 
'a  combination  of  two  or  more  lenfes,  as  alfb  by  a 
combination  of  rcfleftors  and  lenfes.  The  former 
are  called  dioptric  tekjcopesy  and  the  latter  arc  called 
catadioptricy  or  refleSting  tekfcopes. 

The  dioptric  telefcope,  from  the  various  com- 
bination of  its  lenfes,  as  alfo  from  its  principal  u(5?s, 
derives  different  appellations;  viz. 

The  ajlronomical  telefcope  J  (which  confifts  of  two 
convex  lenfes,  AB,  KM,  fig.  4,  Plate  XXII.)  fixed  at 
the  two  extremities  of  a  tube,  which  confifts  at  feaft 
of  two  parts  that  Aide  one  within  the  other,  for  ad- 
jufting  the  focus  in  proportion  to  the  diftance  of  the 
objeds  that  are  to  be  fcen  through  the  telefcope  ♦. 

'    ♦  The  tube  is  not  rcpreftiitcd  in  the  figure. 
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P  Q^rcprcfcnts  the  femidiameterof  avcrydiftant 
ol^ed,  from  every  point  of  which  rays  come  fo  very 
litde  diverging  to  the  objeft  lens  K  M  of  the  te- 
Icfcope,  as  to  be  nearly  parallel.  ~/» q  is  the  pidture 
of  tbeobjeft  PQ^»  which  would  be  formed  upon  a 
fcreen  (ituated  at' that  place.  Beyond  that  place 
the  rays  of  every  (ingle  radiant  point  proceed  di- 
▼crgingly  upon  another  lens  AB,  called  the  eye 
glafs,  which  is  more  convex  than  the  former,  and 
are  by  this  cauied  to  proceed  parallel  to  one  another^ 
in  which  diredtion  they  enter  the  eye  of  the  obferv- 
er  at  O. 

The  two  lenfes  of  this  telcfcope  have  a  common 
axis  O  L  Qj  L^  is  the  focal  diftance  of  the  obje6l: 
lens,  and  E  ;  is  the  focal  diftance  of  the  eye  lens. 
E  L  is  the  fum  of  both  focal  diftances.  An  objed): 
viewed  through  this  telcfcope,  by  an  eye  (ituated  at 
O,  will  appear  diftinft,  inverted,  and  magnified  j 
viz.  the  objedt  feen  without  the  telcfcope  will  be  to 
its  appearance  through  the  telcfcope,  as  y  E  to  y  L ; 
that  is,  as  the  focal  diftance  of  the  eye  lens  to  the 
focal  diftance  of  the  objeft  lens. 

For  the  rays  which,  after  ;heir  croffing  at  the  , 
jjace  rqpi  proceed  diverglngly,  fall  upon  the  lens 
AB  in  the  (ame  manner  as  if  a  real  objeft  were 
fituated  at  rqp  (viz.  at  the  focus  of  that  lens); 
andof  courfe  on  the  other  fide  of  that  lens  the  rays 
of  each  pencil  will  proceed  parallel  (fee  what  has 
been  faid  of  a  (ingle  lens  in  p.  .-i8, 23 1.)  Now  to  the 
eye  at  O,  the  apparent  magnitude  of  the  objei^V,  or 

T  2  of 


lyS         Defcription  of  Optical  Injlruments. 

of  the  part  P  Q^,  is  mcafurcd  by  the  angle  EOA, 
or  by  its  equal  ?  E/> ;  but  to  the  naked  eye  at  L^ 
Fhen  the  glafs  is  removed,  the  apparent  mag* 
nicude  of  the  objcft  is  mcafurcd  by  the  angle  QLP, 
or  by  its  equal  q  l,p ;  therefore  the  apparent  mag^ 

'  nitude  to  the  naked  eye  is  to  the  apparent  magni- 
tude through  the  telefcope,  as  the  angle  ^  L^  is  to 
the  angle  qEp;  or  as  the  diftance  ^E  is  to^the 
diftance  qh. 

This  telcjfcope  is  moftly  ufcd  fdr  aftronomical 

obfcrvations  j  for  as  it  inverts  the  objcd,  the  rcprc- 

fentation  of  terreftrial  objedts  through  it  would  not 

be  pleaiant. 

It  is  evident  from  the  above  explanation*  that,  if 

'  the  two  lenfes  of  this  tclefcope  have  equal  focal  diT- 
tances,  the  tclefcope  will  not  magnify. .  It  alfo  ap- 
pears that,  with  a  given  obje6t  lens,  the  (horter  the 
focus  of  the  eye  lens  is  the  greater  will  the  magni- 
fying power  be.  But  when  the  difproportion  of  the 
two  focal  lengths  is  very  great,  then  the  aberration 
arifing  from  the  figure  of  the  lenfes  and  from  the 
difperfive  power  of  glafs,  becomes  fo  very  great  as 
to  do  more  damage  than  can  be  compenfated  by  the 
increafed  magnifying  power.  Hence,  in  order  to  ob- 
tain a  very  great  magnifying  power,  thofe  telefcopes 
have  fometimes  been  mad  every  long,  as  for  inftance  of 
I  CO  feet,  or  upwards:  and  as  they  were  ufed  foraftro- 
nomical  purpofes,  or  moftly  in  the  night  time,  they 
were  frequently  ufed  without  a  tube,  viz,  the  object 
lens  was  fixed  on  the  top  of  a  pole  in  a  frame  capable 
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of  motion  in  any  required  direftioiii  and  the  eye 
lens  was  fixed  in  a  (hort  tube  that  was  held  in  the 
hand  of  the  obfcrver.  The  diftance  as  well  as  the 
direftion  of  the  two  lenfes  was  adjufled  by  a  ftrong 
cord  ftretched  between  the  frame  of  the  objeft  lens 
and  the  tube  of  the  eye  lens. 

In  this  conftru£lion  the  inftrument  has  been  called 
an  dirial  tele/cope.  Its  ufe  is  evidendy  incommor 
diousi  but  it  was  with  fuch  a  telefcope  that  five  fa* 
tcllites  of  faturn>  and  other  remarkable  objefts  were 
difcoFcred. 

The  imp^rfedions  of  fuch  a  telefcope  arife  prin- 
cipally from  the  difperfive  power  of glafs,  which,  efpc* 
cially  at  the  edge  of  the  field  of  view,  frequendy  in- 
troduces circles  of  prifmatic  colours ;  but  (ince  the 
invention  of  achromatic  lenfes>  the  teleicopes  have 
been  made  much  fhorter,  by  fubftituting  either  a 
double  or  a  triple  achromatic  lens  in  lieu  of  a  fimple 
.  otgeA  lens  K  M ;  for  with  an  achromatic  lens  the 
bad  effeft  of  the  difptrfion  b  in  great  meafure,  if 
not  entirely,  removed. 

In  a  telefcope  of  a  given  length,  the  quantity  of 
objeft  which  is  taken  in  at  once,  or  the  field  of 
view,  depends  upon  the  breadth  of  the  eye  lens ; 
fopas  A£  is  larger  or  fmaller,  fo  the  angle  ALE  or 
its  equal  PLQ^,  is  larger  or  fmaller  (fee  page  264); 
and  this  angle  takes  in  all  the  object,  or  the  part  of 
an  objed  that  can  be  feen  at  one  view  on  one  fide 
of  the  axis  of  the  telefcope.  But  in  order  to  increaie 
the  6cld  of  viet?  as  much  as  po(rible»  and  in  great 
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meafure  the  magnifying  power  aIfo>  the  eye  lens^  or 
what  performs  the  office  of  a  fingle  lens,  as  is  now 
uled,  confifts  of  two  plano-convex  lenfes^  fet  at  a 
little  diftance  from  each  other.  The  advanti^  of 
fuch  a  combination  has  been  explained  in  page  167. 

The  objc6t,  which  appears  inverted  through  the 
above-defcribed  telefcope,  will  appear  upright  and 
diftinft,  if  two  more  convex  eye  glafles  be  fubjoined 
to  it,  as  in  fig.  5,  Plate  XXH.  which  reprefents 
the  fame  telefcope  as  that  of  fig.  4,  but  with  the 
addition  of  two  other  convex  lenfcs  B,  C,  lituated 
at  a  diftance  from  each  other,  which  is  equal  to  the 
fum  of  their  focal  diftances ;  and  when  their  focal 
diftances  are  equal,  the  object  will  be  magnified  as 
much  as  without  thofe  additional  glafTes  j  but  through 
them  it  will  appear  ftraight  up  or  rcftificd,  and  not 
inverted.  Hence  this  telefcope  has  been  moftly  ufed 
for  viewing  terreftriai  objefts,  and  is  therefore  called 
the  terreftrid  telefcope  or  ferfpeSiive  glafs. 

For  the  pencils  of  rays  EOF,  A  OB,  &c.  that 
are  continued  to  the  lens  F  B,  will  be  formed  by  it 
into  a  fecdnd  image  S  T  j  and  the  focus  S  of  any 
oblique  pencil  O  B,  will  be  determined  by  the  inter- 
fcftion  of  the  line  S  T,  perpendicular  to  the  com- 
mon axis  of  the  lenfe?,  and  of  the  oblique  axis  FS, 
drawn  parallel  to  the  incident  rays  O  B.  This 
point  S  being  the  focus  of  incident  rays  on  the  lafl 
lens  G  C,  the  emergent  rays  C  D  will  be  parallel 
to  the  oblique  axis  S  G,  bccaufe  the  rays  which 
proceetl  from  T  are  fui:)pofcd  to  emerge  parallel  to 
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(he  direct  axis;  ihercffore  to  the  eye  at  D  the  objeft 
will  appear  diftinft  and  upright. 

When  the  lenies  B,  C,  are  quite  equal,  then  the 
angle  CDG»  which  now  meafures  the  apparent 
mtgnicude  of  the  objed^  is  equal  to  the  angle  AO£  ; 
henccj  &c. 

The  laft  lens,  or  the  one^careft  to  the  eye  in  this 
tekfcope,  is  now  moflly  made  double ;  viz.  rnftead 
of  one,  two  lenfes  are  combined  together,  fur  the 
purpofe  of  enlarging  the  field  of  view  (fee  page 
367) :  hence  moil  of  the  terreftrial  telefcopes  now 
contain  four  lenfes  in  the  tube  next  to  the  eye. 

The  Gatikan  tekjcopc  confifts  pf  a  convex  objeA 
knS|  mnd  a  concave  eye  lens ;  arid  derives  its  name 
from  the  great  Galileus,  who  is  generally  reckoned 
the  inventor  of  it.  See  6g.  6,  Plate  XXII.  which 
fliews  that  the  diflance  between  the  two  lenfes  is 
leis  than  the  focal  diilance  of  the  objed  lens  ;  viz. 
inftead  of  the  convex  lens  (icuated  behind  the  plarre 
of  the  image,  to  make  the  rays  of  each  pencil  pro- 
ceed in  a  parallel  diredion  to  the  eye,  here  a  con* 
cave  eye  lens  is  placed  as  much  before  that  image ; 
and  this  lens  opens  the  rays  of  each  pencil  that  con* 
verged  to  q  and  py  and  makes  them  emerge  parallel 
towards  the  eye;  as  is  evident  by  conceiving  the  rays 
to  go  back  again  through  the  eye  lens,  whofe  focal 
diilance  is  £  q. 

The  eye  muft  be  placed  clofe  to  the  concave  lens, 
in  order  to  receive  as  many  pencils  as  poffible  i  and 
then  fiippofing  an  emerging  ray  of  an  oblique  pencil 
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to  be  produced  backwards  along  AO,  the  apparent 
magnitude  of  the  objeft  is  meaftired  by  the  angle 
AOE,  or  its  equal  jE;>,  which  is  to  the  angle  ^L^ 
(or  Q.LP,  the  meafure  of  the  magnitude)  as  j L 
to  ;E,  viz.  as  in  the  aftronomical  telcfcopc.  It  is 
evident  that  in  this  telefcope  the  objefts  appear 
creft,  for  the  rays  of  light  do  not  crofs  each 
other. 

;The  field  of  view  or  quantity  of  objefts  that  arc 
taken  in  at  once  in  this  telefcppe,  does  not  depend 
upon  th.c  breadth  of  the  eye  lens,  as  in  the  aftrono- 
mical telefcope,  but  upon  the  breadth  of  the  pupil 
of  the  eye  i  becaufe  the  pupil  is  Icfs  than  the  eye 
lens  A  B,  and  the  lateral  pencils  do  not  now  con- 
verge to,  but  diverge  from,  the  axis  of  the  Ien(es. 
Upon  this  account  the  view  is  narrower  in  this 
than  in  the  preceding  telefcope ;  yet  the  objects 
through  it  appear  remarkably  clear  and  diftinA. 

An  achromatic  objeft  lens,  inftead  of  the  (imple 
lens  K  L,  improves  this  as  well  the  preceding  te- 
lefcopes. 

The  common  cpera  glafs  is  nothing  more  than  a 
fliort  Galilean  telefcope. 

The  night  telefcope  is  a  fhort  telefcope,  viz.  about 
two  feet  long,  which  reprefcnts  the  objefts  invert- 
ed, much  enlightened,  but  not  much  magnified.  Its 
field  of  view  is  alfo  very  excenfive.  • 

This  telefcope,  in  confequence  of  thofe  prof)cr- 
ties,  is  ufed  at  night  moftly  by  navigators,  for  the 
purpofc  pf  difcovering  objefts  that  arc  not  very 

^iftaatj 
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diftant^  but  which  cannot  otherwife  be  (een  for 
wane  of  fufficienc  light;  fuch  as  veflTelSi  coafts> 
rocks,  &c.  On  account  of  its  extendve  field  and 
great  light,  this  telefcope  has  alfo  been  advan- 
rageouQy  ufed  by  adronomers  for  difcovering  fome 
cceleftical  objects,  whofe  fituacion  was  not  exafUy 
known,  or  for  viewing  at  once  the  relative  (ituation 
of  feveral  ftars  and  other  objects. 

This  telefcope  has  a  pretty  large  and  fimple  ob- 
jtft  lens,  whence  it  derives  its  great  light ;  for  as 
the  rays  which  proceed  from  every' fingie  point  of 
the  objcd,  fall  upon  the  whole  lens  of  a  telefcope, 
and  are  thei>ce  refracted  to  a  focus,  it  is  evident  that 
the  larger  that  lens  is,  the  greater  number  of  rays 
will  be  thrown  upon  that  focus ;  and  of  courie  the 
brighter  will  the  image  be.  In  this  telefcope  a' 
pretty  large  lens  may  be  ufed,  becaufe  the  telefcope 
is  not  intended  to  magnify  more  than  about  four  or 
fix  times  in  lineal  cxtenfion. 

Within  this  telefcope  a  fecond  lens  is  often  ufed 
for  Ihortening  the  focal  length  of  the  objcd  lens. 
The  eye  lens  is  fometimes  fingle,  but  moftly  double, 
(viz.  a  combination  of  two  plano-convex  lenfes 
placed  at  a  little  diftance  from  each  other)  and 
pretty  large ;  hence  is  derived  the  extenfive  field  of 
view,  which  in  fome  of  thofe  tclcfcopcs  exceeds  fix 
or  feven  degrees. 

Wc  may  obfcrve  once  for  all,  that  in  every  te- 
lefcope the  diftance  between  the  objcft  lens  and  the 
pther  lens  or  lenfes  muft  be  alterable,  in  order  that 
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the  focus  may  be  a^jufted  according  to  the  dtftance 
of  the  objeds.     Hence,  every  telefcopc  confifts  ac 
lead  of  two  tubes,  one  of  which,  viz.  that  with  die 
eye  len(es>  Aides  within  the  other.     To  the  iamc 
ttlefcope  feveral   eye   tubes,  with  a  Ihallowcr  or 
deeper  lens,  or  with  a  different  number  of  lenfes,  may 
be  adapted  fucceffively,  in  order  to  give  them  dit 
ferent  magnifying  powers,  fuitably  to  the  deamefi 
of  the  air^  of  the  obje6ls,  &c.  as  a}fb  for  con- 
verting them  into  agronomical  or  terrellrial  te* 
lefcopes. 

Of  the  Caiadioptric  Telefcopc 

.  This  is  likewife  called  the  Newtonian  tekfc9pe^  or 
refleSittg  telefcope  ;  for  if  not  the  original  projeftor. 
Sir  Ifaac  Newton  is,  at  lead,  the  firft  perfon  who 
executed  a  telefcope  of  this  fort,  which,  as  its 
name  imports,  confifts  of  rcflcding  and  refracting 
parts. 

The  general  principle  of  this  telefcope  is  the  fame 
as  that  of  the  dioptric  or  rcfrading  telefcope.  In 
the  latrer  the  rays  which  come  from  a  diftant  objeft 
are,  by  the  aftion  of  thfe  convex  objeft  lens,  col- 
lefted  to  a  focus,  and  beyond  tliat  focus  the  rays 
of  every  fingle  radiant  point  are  rendered  again 
parallel  by  the  adion  of  the  eye  lens  or  eye  lenfes. 
This  is  otherwife  cxprefRd,  by  faying  that  the  ob« 
jeft  lens  forms  an  impge  of  the  objed:,  which 
im:  ge  i^  viewed  by  the  eye  lens.     In  the  former, 

viz. 
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▼iz.  in  the  rcflc6Kng  ttlefcopc,  the  rays  which  come 
from  ^  diftant  objeft,  are,  by  the  adion  of  a  coo- 
ave  refleftor,  fcnt  back  convergingly  to  a  focus> 
where  they  form  an  image,  which  is  viewed  through 
the  eye  lens. 

There  are  four  varieties  of  this  telefcope,  which 
will  be  eafily  comprehended. 

Fig.  7,  Plate  XX 11.  reprefents  the  principle  of  the 
original  ccnftruftion.  ACDB  is  the  fcftion  of  a  tube 
open  at  AB.  EF  is  a  concave  refleftor  fixed  at  the 
bottom  of  the  tube  ;  «i »  is  an  arm  projeding  from 
one  fide  of  the  tube,  as  far  as  its  middie  or  axis,  where 
it  fupports  a  fmall  flat  fpeculum  G,  fet  aflant  • ; 
(o  that  the  rays  which  come  fi*om  every  fingle  point 
of  a  diftant  objeft  IK,  and  fail  upon  the  concave 
fpeculum  E  F,  are  reflefted  by  it  in  a  converging 
manner  to  the  fmall  flat  fpeculum  G,  which  bends 
Acir  courfe  fideway,  and  fends  them  with  the  fame 
convergency  to  an  hole  at  H  in  the  fide  of  the  tube, 
where  xhe  image  of  the  objeft  I  K  is  formed ;  and 
diis  image  is  viewed  by  the  eye  through  an  eye 
kns  L,  or  through  a  tube  with  more  than  one  eye 
lens,  for  the  purpofe  of  reprefenting  the  objeft 
crcft,  as  in  the  above-defcribed  refrafting  te- 
lefcopes.  / 

It  is  evident  that  the  focal  length  of  the  fpeculum 


*  Inftcad  of  the  flat  fpeculum,  a  glafs  prifin  has  been 
^en  applied,  which,  ia  a  certain  fituatioo,  a£b  like  a  reflec- 
|or.     Sec  page  192, 
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is  equal  to  E  G  plus  G  H  ;  for  the  flat  refledor  G 
docs  only  bend  the  rays  fideway.  Without  that 
fmall  refleftor,  the  rays  refleded  from  E  F,  would 
form  an  imagfe  at  O  (OG  being  equal  to  GH) 
where  indeed  an  eye  lens  might  be  placed,  and  the 
obferver  looking  through  it,  with  his  face  towards 
the  reflector  EF,  would  fee  the  magnified  image 
of  the  object  I  K  ;  but  in  that  cafe  the  head  of  the 
obferver  would  intercept  a  great  part  of  the  rays ; 
yet,  by  fctting  the  refl.eftor  EF  a  little  aflant,  its 
focus  may  be  thrown  to  P/  where  the  eye  lens  being 
applied,  die  head  of  the  obferver  would  obftrud: 
little  or  none  of  the  light,  efpecially  when  the  rc- 
fieftor  FE.is  of  a  confide rable  lize.  This  forms  the 

I 

fecond  variety. 

The  magnifying  power  of  this  telefcope  is  deter* 
mined  after  the  fame  manner  as  in  the  refradting  te- 
lefcope, viz.  the  focal  length  of  the  reflector  EF 
(which  is  analogous  to  the  objed  lens  of  the  re- 
fradting  tclercope)  is  divided  by  the  focal  length  of 
the  eye  lens,  and  the  quotient  fliews  how  many 
times  the  objedl  feen  through  the  telefcope  appears 
larger  (ireaning  in  lineal  extenfion)  than  without 
the  telefcope. 

In  this  telefcope  there  is  an  adjufl:ment  at  H,  viz. 
the  (hort  tube  with  the  eye  lens>  or  lenfcs,  may  be 
Aid  a  little  way  in  or  out ;  for  the  focal  diftancc  of 
the  refledtor  E  F  increafes  or  decreafes  according  to 
the  diftance  of  the  objedt. 

The  third  variety  is  called  the  Gregorian  telefcope^ 

and 
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uid  is  rcprcfcnted  in  fig.  8,  Plate  XXII.  The 
large  concave  fpeculum  BE  of  this  tclefcopc  is 
perforated  with  a  hole  quite  through  its  middle. 
Within  the  tube  of  the  telcfcope  a  fmall  concave 
fpeculum  xy^  is  fupported  by  the  arm  H,  direftly 
facing  the  large  fpeculum  B  E.  Two  Icnfes,  WX 
and  n  0^  are  contained  in  the  eye  tube,  and  the 
obfcrvcr  applies  his  eye  to  a  fmall  hole  at  P,  in 
order  to  vi^rw  the  magnined  diflant  objeft  G. 

The  hrge  reflcdtor  B  E  receives  the  rays  ac^ 
h  d^  from  the  diftant  object,  and  reflefts  them  to  its 
focus  f,  where  they  form  the  inverted  image,  or 
where  they  crofs  each  other,  and  thcrf  fall  diverg- 
ingly  upon  the  fmall  refleftor  xy^  whofe  focus  is 
at/j  viz.  a  little  farther  than  the  focus  e  of  the 
large  refleftor :  hence  the  rays  are  rtfleftcd  back 
upon  the  lens  W  X,  not  in  a  parallel,  but  in  a  con- 
vei^ng  manner ;  and  that  convergeftcy  is  increafed 
by  the  adion  of  that  lens,  fo  as  to  come  to  a  focus, 
or  to  form  a  fccond  image  RS  much  larger  than  the 
former,  and  ercft  like  the  objecl:.  Laftly,  this  image 
is  viewed  through  the  eye  lens  no\   or,  in  other 
words,  the  rays  from  every  fingle  point  of  the  ob- 
je£fc,   after    tliis   fecond  croffing,    fall   divergingly 
upon  the  eye  lens,  which  fends  them   nearly  pa- . 
rallel  to  the  eye  at  P,  through  a  very  fmall  hole. 
Sometimes  the  eye  lens    no^    is  double,    viz.    it 
confifts  of  two  lenfcs,    which  perform  the   office 
of  a  fingle  lens,    as    has    been    explained  above 

(page  267). 

If 
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If  the  firft  lens  W  X  were  removed,  the  image 
would  be  formed  fomewhat  larger  at  2;  but  the 
area  or  Beld  of  view  would  be  fmaller  and  lefs  plea- 
fant.  At  the  place  6f  the  image  iR.  S,  there  is 
.  fituatcd  a  circular  piece  of  brafs,  called  a  Hapbragm^ 
.  with  a  hole  of  a  proper  fize  to  circumfcrib?  the 
image,  and  to  cut  off  all  fuperfluous  or  extraneous 
light,  in  order  that  the  objcft  may  appear  as  diftinft 
as  pofTible. 

The  magnifying  power  of  this  relcfcopc  is  com- 
puted in  the  following  manner  : 

If  this  telefcope  confifted  of  the  two  refledors 
only,  and  thefe  were  fituatcd  fo  that  e  were  the 
focus  of  each  rcflcdtor ;  then  the  rays  which  came 
parallel  from  the  diftant  objeft  to  the  large  rc- 
flcdor^  and  divergingly  from  that  to  the  fmall  rc- 
flc&or,  would,  after  the  fecond  reflc6bion,  go  parallel 
to  the  eye  at  P,  and  of  courfc  the  objcft  would  ap- 
pear magnified  in  the  proportion  of  the  focal  dif- 
tance  of  the  large  rcfledlor  to  the  focal  diftancc  of 
the  fmall  reflcftor ;  fo  that  if  the  focal  diftancc  of 
the  former  be  to  that  of  the  latter  as  6  to  i,  then 
the  objeft  would  be  magnified  6  times  in  diameter. 
But  fince  the  firft  image  is  magnified  into  a  fecond 
image  much  larger,  which  is  viewed  through 'the 
eye  lens  j  therefore  the  whole  magnifying  power  is 
in  a  proportion  compounded  of  J e  to  ex,  and  of 
xz  to  zo.  If  the  former  proportion  be  as  6  to  i, 
and  the  latter  as  8  to  i  ^  then  die  objeA  will  ap- 
•^  pear 
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pear  48   (viz.  6  by  8)  times  larger  in  diameter 
through  the  telefcope  than  to  the  naked  eye. 

The  fourth  fpecies  of  reHe£^ing  telefcope  goes 
under  the  name  of  Cajfegrainian  tele/cope.  Ic  differs 
from  the  preceding,  in  having  the  fmall  refleftor 
convex,  inftead  of  concave ;  in  confequence  of 
which  the  fmall  refledor  muft  be  placed  nearer 
to  the  large  refle£bor  than  the  focus  of  the  latter  i 
then  the  ray^  from  the  large  refleftor  fall  converge 
ingly  upon  the  convex  fmall  reiledor,  and  are  by  it 
fcnt  back  convergingly  upon  the  lens  W  X,  &c. 

The  only  difference  that  is  worth  remark'mg  be- 
tween this  and  the  preceding  telefcope  is,  that  in 
chit  the  object  appears  inverted,  becaufe  in  it  there 
is  no  image  formed,  or  the  rays  do  not  crofs  each 
other,  between  the  two  refleftors.  Alfo  with  the 
fiune  magnifying  power,  &c.-this  telefcope  is  fliorter 
dan  the  Gregorian,  by  twice  the  focal  length  of  the 
fmall  fpeculum. 

To  both  thofe  telefcopes  a  long  wire  is  fixed  aU 
along  the  outfide  of  the  tube,  at  the  end  of  which 
there  is  a  I'crew  wliich  works  into  an  external  pro- 
jedion  g  of  the  internal  arm  H,  and  ferves  to  move 
that  arm  with  the  fmall  fpeculum  nearer  to  or  far- 
ther from  the  large  fpeculum,  in  order  to  adjuft  the 
(bcus  of  the  inftrument,  according  to  the  diftancc  of 
the  objeft.  The  aclion  of  this  wire  is  eafily  under- 
ftood;  for  it  pafles  through  a  hole  at  F,  where 
it  15  prevented  going  forwards  or  backwards  by  two 
Ihoulders,  which  arc  indicated  by  the  figure :  hence, 

when 
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when  the  obfcrver  looks  through  the  hole  P,  he 
turns  with  his  hand  the  wire  by  the  nut  Q^, 
which  fcrcws  the  projcftion  g  of  the  arm  nearer 
or  farther,  &c.  until  the  objcdt  appears,  very  dif- 
tinft. 

Upon  the  whole,  the  reflefting  telefcopcs  nnay  be 
rendered  nnore  powerful  than  the  rcfrafting telefcopcs 
of  the  fame  length ;  which  arif<:s  principally  frcmi  the 
rays  of  light  not  being  difperfed  by  refleftion  as  they 
arc  by  refraftion,  andlikcwife  from  the  pradicability 
of  giving  the  large  refleftors  a  form  cither  parabo- 
lical, or  at  leaft-fuch  as  anfwers  better  than  the  Iphc- 
.  rical  figure*.  But  the  reflefting  telefcopcs  are 
larger  and  heavier  than  the  refraftors  5  hence,  when 
fhort  and  portable  telefcopcs  arc  wanted,  the  achro* 
matic  teiefcopes  may  be  preferred ;  but  for  aftrono- 
mical  obfervatories,  where  large  and  very  powerful 
tdcfcopes  are  wanted,  the  refleftors  fhould  be  pre- 
ferred. 

The  largcfl:  reflefting  telcfcope  noW  exifting, 
was  conftrufted  by  that  excellent  aftronomer.  Dr. 
Herfchcl.     It  is  a  telcfcope  of  the  fecond  fpecics. 


*  If  the  reader  with  to  Icarn  the  method  of  formings 
polifhing,  &c.  the  rcfleclors  of  thofc  teiefcopes,  which  are 
uiiiverfally  made  of  metal,  he  may  confult  Dr.  Sini4i*s 
Optics,  Book  III.  Chapter  II.  j  Mudge's  Paper  In  the 
67th  Volume  of  the  Philofoj>hical  Tranfa£tions ;  the  Rev. 
John  EdwarJs's  Dlred^ions  for  making  the  heft  Compofition 
for  the  Metals  gf  rcfledling  TclcfcopeS|  &c. 

vIza 
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▼iz.  where  the  obfcrver  lookd  through  an  eye  lens 
down  upon  the  large  refle£fcorj  whofe  poli(hed  fur- 
hct  IS  48  inches  in  diacneter.  Its  focal  length  is 
about  40  ktt*i  tmd  I  do  not  know  that  a  refracting 
teiefix>pe  was  ever  madCj  whofe  power  equalled 
due  of  this  Agamic  telefcope>  or  of  another  of  do 
iceCy  which  was  conftruiSsd  and  vfed  by  the  Jfam^ 
peribn,  or  even  of  one  of  his  feven  feet  refleClors^ 
to  which  Dr.  Herfchel  can  give  a  magnifying  power 
of  {fxaic  thoufands  f. 

The  above-nnentioned  methods  of  computing 
the  magnifying  powers  of  tolefcopes^  are  npt  ii| 
general  very  {Hadticable>  as  die  lenfes  and  ipecpluma 
cannot  eafily  be  removed  from  the  telefcopesj  in 
order  Co  have  their  particular  focal  diftances  afcer- 
'Cuntd ;  therefore  it  will  be  proper  to  jfhew  how  this 
objedb  may  be  accomplifhed  experimentally. 

There  are  leveral  experimental  methods  of  alcer* 
taining  the  magnifying  powers  of  telefcop&s  j: ;  but 
(  fliall  fubjoin  one  of  the  eafieft,  which  is  defcribed 
by  the  Rev.  John  Edwards  in  the  following  words; 
^  At  the  diftance  of  400  or  200  y4rds  from  the 
^'  lelelcope,  put  up  a  fmall  circle  of  paper^  of  any 
'^  'determined  diaaieter,  an  inch  for  inftance. ,  Upon 


M  Phij.  Tranf.  vol.  for  1795.    Art.  3CVIII. 

+  Phil.  Tranf.  vol.  72,  Art.  XI. 

X  See  Dr.  Smith's  Optics,  Notes  to  Art.  109  and  485. 
AUq>  my  pefcription  and  IJfe  of  the  mother-of-pearl 
^icfometer,  Lo&don'i793. 

VPI-f  iflf  y  *'  a  card, 
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^^  a  cardi  or^  any  piece  of  ftrong  paper^  throi^ 
*^  which  the  light  cannot  be  eafily  tranfmitted,  draw 
*'  two  black  parallel  lines,  whofe  diftance  from 
'^  each  other  is  exaftly  equal  to  the  diameterx>f  the 
*^  fmall  circle.  Adjuft  the  telefcope  to  diftinft 
*^  vifion, '  and  through  it  view  the  aforefaid  fmall 
"  circle  with  one  eye,  and  with  the  other  eye,  open 
'<  alio,  view  at  the  (ame  time  the  two  parallel  lines. 
''  Let  the  parallel  lines  be  then  moved  nearer  tOj  or 
"  farther  from  your  eye,  till  you  fee  them  appear 
"  ^xaftly  to  cover  the  fmall  circle  yiewed  in  the 
<'  telefcopcv     Meafure  now  the  diftance  of  die 

fmall  circle,  and  alfo  of  the  parallel  lines,  fionx 

your  eye.  Divide  then  the  diftance  of  the 
*'  former  by  that  of  the  latter,  and  you  will 
*'  have  the  magnifying  power  of  the  telefcope  re* 
"  quired." 

In  the  preceding  pages  we  have  taken  no  notice 
of  th^  tubes,  ftands,  and  movements  that  are 
ufually  given  to  telefcopes ;  firft,  becaufc  thofe 
particulars  are  not  necefTary  for  illufb-ating  the 
principles  of  optical  inftruiQents ;  and  fecoodly,  be* 
caufe  the  particular  defer iption  of  thofe  external 
parts,  in  all  their  variety,  would  require  a  great 
many  more  pages  than  can  pofTibly  be  allotted  to  it 
in  thefc  elements.  There  are  however  two  ufcfiil 
appendages  to  telefcopes,  which  dtfcryc  to  be 
briefly  defcribed. 

K  finder ^y\z.  a  fhort  telefcope  A,  fig.  8,  is  genera^ 
afHxed  to  the  tube  of  a  large  telefcope^  fgr  t^ie-j 


•  t 
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pofc  of  finding  out  an  objcft  expedirioiiflf.  This 
finder  docs  not  magnify  the  objcifl  more  than  4,  6, 
or  8  times  ;  but  it  has  a  great  field  of  view,  fo  that 
ihiough  it  a  great  part  of  the  heavens  may  be  fecn 
^jtottce.  Jn  the  infide  of  irs  tube,  and  cxaflly  at 
^^■t  focus  of  the  eye  glafs,  there  are  two  (lender 
^^pesj  which  crofs  each  other  in  the  axis  of  the  te- 
Mcopc.  Now  the  finder  is  adjuflied  by  means  of 
I'crcws  upon  the  tube  of  the  great  telefcopc,  in  fuch 
a  manner  as  that  when  an  obje^,  fccn  through  the 
Bndcr>  appears  to  be  near  the  crofiing  of  die 
above-mentioned  wires,  it  is  at  the  fame  time  vifi- 
blc  ihrough  the  gr«at  telefcope :  hence,  when  the 
obfcrver  wiCies  to  view  a  fmall  diftant  objeft,  as  a 
ftar,  a  planet,  &c.  he  moves  the  infbaimcnt  to  one  fide 
or  the  other,  until,  by  looking  through  the  finder, 
he  brings  ihc  obie^  nearly  to>  coincide  with  the 
crofTrng  of  the  wires,  and  when  that  takes  place* 
be  immcdiuelv  boks  through  the  large  ic- 
^■fcope,  &c. 

^^Ba.  micTdmeler  li  an  tnRmment,    which  is  ufcd 

^^nih  a  tekfcope,  for  thepurpofe  of  mcafuring  fmall 

angles.     A  great  variety  of  micrometers  have  been 

contrived  by  various  ingcniyus  pcrfam ;  and  they 

^^K  ntoce  or  Icfi  compUcucd,  more  or  Irfi  expcn- 

^^K-,  as  alio  more  or  kit  accunie.     If  the  reader 

^^RSh  to  ezamioe  ibe  conftrudjco  of  any  of  :!ic  va- 

rigut  microfmser^  iM^^^BblAi  ^  woriBi  th^t 


I 

apa         Difcripiion  of  Optical  Inftruments. 

are  mentioned  in  the  note  *.  I  fhall  only  fubjoin 
the  dcfcription  of  a  very  iimplr,  and,  at  the  fame 
time,  accurate  micrometer,  which  I  contrived  fomc 
ye^rs  ago  ;  but  we  may  previoufly  obferve,  that  in 
general  the  micrometers  meafure  the  lize  of  the 
image,  which  is  formed  in  the  focus  of  the  eye  lens 
or  of  the  eye  Icnfes  widiin  the  tclcfcope ;  for  know- 
ing the  magnifying  power  of  the  telefcope,  one  may 
eafily  calculate  to  what  angle  fuch  meafuremenc 
cdrrefponds.  For  inftancc,  if  the  telefcope  magnify 
30  times,  and  the  length  of  the  image  of  the  objeft 
is  fliewn  by  the  micrometer  to  fubtend  an  angle  of 
two  minutes ;  then  we  may  conclude  that  the  real 
objedb  fubtcnds  an  angle  of  the  30th  part  of  two 
minutes,  viz.  an  angle  of  four  fcconds ;  and  {o 
on. 

My  micrometer  confifts  of  a  fmall  femitranfparent 
fcalc  or  flip  of  mother-of-pearl,  about  the  20th  part 
of  an  inch  broad,  and  of  the  rhicknefs  of  common 
writing  paper.    It  is  divided  into  a  number  of  equal 

*  Dr.  Smith's  Optics,  Book  III.  Chapter  VUI.  for  the 
carliMt  microireterG.  Dollond's  Micrometer,  Phil.  Tranf. 
vol.  61,  p.  530.  Bofcovich's  Micrometer,  Phil.  TranC 
vol.67,  p.  7^9,  7oq.  Rochon's  Micrometers ;  his  Recuiil 
de  Mem.  fur  la  M:canique  et  la  Pbyftque,  Rain(den's 
MicroiDOters,  Phil,  Tranf.  vol.  69,  p.  419.  Hcrfchel*s 
Lamp-Micrometer,  Phil.  Tranf.  vol.  72.  Art.  XIIIw 
Sincaton's  Equatorial  Micrometer,  PhlK  I'raiiC  vol.  77. 
Art.  XXXIU. 

puts 
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parts  by  mcaiu  of  parallel  tines,  every  fifth  and 
tenth  of  which  diviQons  is  a  little  longer  than  the 
reft. 

Ttis  micrometer,  or  divided  fcale,  is  fituatcd 
wjthio  the  tube  at  the  focus  of  the  eye  lens  of  the 
tdcTcopc,  where  the  image.of  the  objeA  is  formed, 
and  with  iu  divided  edge  pafling  through  the  centre 
of  the  fitSA  of  view;  though  this  is  not  abfotutely 
neceffiiry.  It  is  immaterial  whcdier  the  telcfcope 
be  a  rdfraftor  or  a  reflector,  provided  the  eye  lens 
be  convex,  and  not  concave,  as  in  the  Galilean  te- 
lefcope. 

The  fimpleft  way  of  fixing  it,  is  to  flick  it  upon 
the  daphragm,  which  generally  Ibinds  within  die 
tube«  at  the  fecal  diftance  of  the  eye  lens. 
'  By  looking  through  the  telefcope,  the  image  of 
the  ol^cft  and  the  micrometer  will  appear  to  coin- 
cide :  hence  the  obfcrver  may  eafily  fee  how  many 
^vifions  of  the  latter  meafure  the  length  or  breadth 
of  the  former  i  and  knowing  die  value  of  the  divi- 
fioos  c^  the  micrometer,  he  may  eafily  determine 
the  angle  which  is  fubtended  by  the  objefl. 

There  arc  feveral  nxdiods  of  afcertainii^  the 
value  of  the  divilions  of  a  micrometer  in  a  ^ven 
telefcope.     The  following  is  one  of  the  eaficft. 

Dirc£t  the  telefcope  to  the  fun>  and  obfcrve  how 
many  divilions  -of  the  m:eromctcr  nKiJuit  iti  dia- 
meter exaaiy  i  then  ukc  out  ^  "^^^  AU 
manafk  the diameterof  the  luor 
dK  ob&rvation  itt 
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mentioned  number  of  divifions>  and  the  quotient 
is  the  value  of  one  divifion  of  the  micrometer. 
Thus,  fuppofe  that  26  ^  divilions  of  the  microme* 
tcr  meafure  the  diameter  of  the  fun,  and  the  Nauti- 
cal Almanack  gives  for  the  meafure  of  the  angle» 
which  is  fubtendcd  by  the  fame  diameter,  31',  ai", 
or  (by  reducing  it  all  into  feconds)  1882^  Divide 
iSSa""^  by  26^5,  and  the  quotient,  neglecting  a  fmall 
remainder,  is  71^^,  or  i',  1 1";  which  is  the  value  of 
one  divifion  of  the  micrometer;  the  double  of 
which  is  the  value  of  two  divifions ;  the  treble  is 
the  value  of  three  divifions ;  and  fo  forth  •. 

The  Mifro/i&pe  is  another  moft  ufeflil,  inftruc- 

r 

tivej  and  plea(ant  Oj^tical  inftrument.  As  the  te* 
lefcope  enables  us  to  diftinguifh  objcfts,  or  the 
parts  of  obje(fls  that  are  otherwiie  invifible  on  ac- 
count of  their  being  too  remote  from  us ;  fo  the 
microfcope  enables  us  to  perceive  fuch  fmall  ob« 
jcfts  and  their  parts,  as  are  otherwife  abfolutely  in- 
vifible to  us« 

It  has  already  been  obfcrved,  that  there  are  two 
forts  of  micrpfcopcs,  viz.  the  fimple,  which  confifts 
of  one  lens,  and  the  compound,  which  confifts  of 


•  For  farther  particulars  relative  to  this  mother-of-pearl 
micrometerjfee  the  Philofophical  Tranfaftions,  vol.  LXXXI. 
Art.  XIX.  or  its  feparate  dcfcription  publlflied  in  London  10 
the  year  1793,  wherein  other  methods  are  defcribed  of  aC- 
certa'uiing  the  value  of  its  diviflons,  when  the  telefcope  does 
not  (akc  in  the  whole  difc  of  the  fun. 

more 
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more  than  one  lens.  The  folar  ahd  the  htcerval 
microlcopes  are  fometimes  conndered  as  two  other 
fpecies  of  microfcope ;  but  in  truth  they  arc  only 
fimpk  microfcopes,  wherein  the  objedls  are  illu- 
minated either  by  the  fun's  light  or  by  a  lamp, 
candle^  &c. 

Of  the  properties  of  the  fimple  microfcope,  viz.  of- 
the  magnifying  power,  &c.  of  a  fingle  fmall  lens, 
fufficient  mention  has  been  made  in  the  preceding 
pages.  We  (hall  only  obferve  with  refpeft  to  its 
limits,  that  fmall  lenfes  have  been  made»  v/hofe 
ibcal'diftance  was  fliorter  than  one  200th  part  of 
an  inch,  and  which  of  courfe  magnify  the  object  ui^ 
wards  of  1600  times  in  diameter;  but  very  feldom 
any  fuch  lens  turns  out  fufficiently  well  (haped  and 
well  polilhed.  Globules  of  glafs  have  alfo  been 
conftnifted  by  means  of  a  lamp  and  blow-pipe, 
whofe  diameter  was  about  the  1  ocoth  part  of  an 
inch,  and  of  courfe  their  magnifying  powers  were 
prodigiouQy  great.  But  fuch  fmall  lenfes  or  globules 
are  managed  with  very  great  difficulty ;  their  field 
of  view  is  extremely  fmall,  and,  as  the  objcft  mull 
be  brought  exceedingly  near  their  furface,  they  arc 
thereby  cafily  dirtied  or  fcratched,  and  confequcntly 
rendered  ufeleft.  It  muft  be  acknowledged,  how- 
CTcr,  that  through  a  (ingle  lens,  when  it  is  well^ 
(haped  and  well  polifhed,  an  object  appears  much 
clearer  and  more  diftincl,  though  a  little 
tortcd,  thin  through  a  cor*  *"d  mia 
equal  magnifying  power. 


i^6         l^Jcr^tkH  <f  OpHed  htfinitHii^, 

Fig.  9>  Plate  XXII.  reprefehts  the  two  letifes  q(^ 
compound  microfcope.  acbi%^  fmall  objed,  placed 
not  pretifcly  at^  but  ntkr  the  focus  of  the  fmallobjcA 
ietis  kief,  and  the  rays  of  light  which  proceed  from 
any  (ingle  point  of  the  objedt,  are  by  the  aiftion  of 
that  lens  converged  to  a  focus  fomewhere  about 
ABC,  where  an  image  is  formed,, which  is  larger 
than  the  obje<5t,  in  proportion  as  the  diftance  B  e 
exceeds  the  diilance  e  u  Another  larger  lens  D  F 
is  fituated  fo  that  its  focus  may  be  at  B  i  then  the 
eye  of  the  obferver  at  1  will  view  the  inuge  ACj 
magnified  by  that  large  lens  DF;  or  in  odiq*  wordsj 
the  rays  which  proceed  from  each  fingle  pointy  for 
inftance  c  of  the  objeA,  by  palTing  through  tbi 
kns  dfi  ate  converged  to  a  focus  B,  where  they 
crofs  each  other,  and  then  proceed  divergingly 
through  the  eye  lens  DF,  which  caufcs  them  to 
proceed  nearly  parallel  to  the  eye. 

The  magnifying  power  of  this  microfcope  is 
cafily  computed  5  for  firft  of  all,  the  image  A  C  is 
to  the  objeft  as  the  diftance  B  e  is  to  the  diftancc 
te%  and  fecondly,  the  image  AC  will  be  feen  by 
the  eye  at  I,  under  the  angle  DIF,  which  is  equal 
to  the  angle  A  EC  5  and  therefore  that  image  will 
appear  as  much  longer  than  to  the  naked  eye,  as 
the  diflancc  BE  is  Ihortcr  than  8  inches  (or  the 
limit  of  diftinft  vifion  with  the  naked  eye)  i  fo  that 
if  the  diftance  ec  ht  one  inch,  e  B  fix  inches,  and 
EB  two  inches,  then  the  image  AC  is  fix  times 
longer  than  the  objeft  a  hj  and  that  image  is  mag* 
iiificd  four  times  by  the  lens  DF ;  fo  that  upon  the 

whole> 
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^hoky  to  the  eye  stt  I  the  obje£l.tf  ^  will  appear 
magnified  4  times  6,  or  124  times. 

This  microfcope  has  a  larger  field  of  vie^  than  a 
fimple  microfcope  of  the  fame  piower ;  and  its  field 
of  view  is  rendered  larger  ftill  by  rhe  addition  of 
one  or  two  nrK)re  lenfcrs  inftead  of  the  fmgle  lens 
D  F.  The  magnifying  power  of  the  inftrument, 
With  more  than  two  lenfes,  muft  be  computed  from 
Che  cfieA  of  all  the  lenfes  ;  or  it  may  be  afcerrained 
experimentally  in  the  following  manner.  Place 
part  of  a  divided  ruler  before  the  microfcope,  fo 
that,  looking  through  the  inftrument,  you  may  fee 
one  of  its  divilions  magnified ;  then  open  the  other 
^c  alio,  and  looking  with  it  at  the  ruler  out  of  the 
microfcope,  you  will  perceive  the  image  of  the 
magnified  divifion  as  it  were  projected  upon  the 
niicr ;  and  you  may  eafily  fee  how  many  divifions  of 
the  unmagnined  ruler  meafure,  or  are  equal  to,  the 
fingle  Hiagnified  divifion,  and  that  number  is  the 
magnifying  power  of  that  microfcope.  Thus,  if  the 
ruler  be  divided  after  the  common  way  into  inches 
and  tenths,  and  if  you  find  that  one  magnified 
tenth  is  equal  to  three  inches,  you  may  conclude 
that  the  microfcope  magnifies  30  times. 

Different  Ihapcs,  and  likewifc  different  ufes,  of 
the  fimple  or  compound  microfcopc>  have  given 
thofc  inftruments  a  variety  of  names,  which,  in 
truth>  arc  dependent  not  upon  die  p«-inriole,  but 
upon  the  apparatus,   which  is  necefl  to 

irender  it  portable,  or  fl  '^'"  apj 
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particular  purpofe.  Thus,  we  hear  of  che.tf^iM/jir 
microJcQpe^  opaque  microjcope,  (viz.  for  viewing  opaque 
objefts)  Wtlfm^s  microfcope,  &c. 

Microfcopes  have  been  alfo  made  by  ipeans  of 
refiedors ;  hence  they  are  called  refleSing  mi' 
crojcopes.  The  principle  of  their  conftruftion  may 
be  eafily  derived  from  what  has  been  faid  above 
with  refpeft  to  the  rcfleding  telcfcope.  But,  upon- 
the  whole,  reflecting  microfcoi^es  are  neither  (b 
ufeful  nor  fo  manageable  as  thofe  with  lenfes. 

Micrometers  have  been  applied  to  compound 
microfcopes,  as  well  as  to  telefcopes,  and  generally 
in  the  fame  manner,  viz.  at  the  place  where  die 
image  is  formed  within  the  body  of  the  microicope. 
There  are  however  fome  micrometers  applied  to  the 
objeA  itfelf  J  viz.  the  objeA  is  laid  upon  a  divided 
flip  of  gIafs,of  ivory,  or  of  metal,  &c.  and  arc  both 
magnified  at  the  fame  time.  But  thcfe  micrometers 
are  by  no  means  fo  eafy  of  application,  nor  fo  ge- 
nerally ufeful,  as  thofe  which  mcafure  the  image 
within  the  micro fcopej  amongft  which  the  mother- 
of-pearl  micrometer  (fuch  as  has  been  dcfcribed 
above  for  the  tclefcope)  is  by  far  the  moft  accu- 
rate, as  well  as  the  fimpleft.  It  is  only  neceflfary  to 
obfervei  tha?  with  the  microfcope  this  micrometer 
meafures  the  lineal  dimenfions  of  the  objeft  j  and 
the  value  of  its  divifions  are  afcertained  by  placing 
an  objedt  of  a  known  dimenfion  before  the  mi- 
crofcope, and  by  obfcrving  how  many  divifions  of 
the  micrometer  mcafure  its  magnified  image;  for 

inflance. 
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inftance,  place  a  piece  of  paper,  which  is  exa6tly 
one^^tcnch  of  an  inch  long,  before  the  microfcope, 
and  if  you  find  that  50  divifions  of  the  micromerer 
ineafure  its  magnified  imagp,  you  may  conclude 
that  each  divifiori  is  equal  to,  or  rather  denotes  an 
extenfion  of  the  560th  part  of  an  inch  in  the  ob- 
jcft  s  for  if  50  divifions  meafurc  one-tenth,  500 
divifions  muft  meafure  the  whole  inch;  and  fo 
forth. 

The  laft  inftrument  which  I  (hall  mention  in  this 
chapter,  is  czW^A  photomeurj  or  meafurer  of  light ; 
its^)ffice  being  to  indicate  the  difierent  quantities  of 
li^t  i  for  inilance,  in  a  cloudy  or  bright  day^  or 
between  different  luminous  bodies.  But  as  a  com* 
modious  inftrument  of  this  fort  is  rather  a  defidera^ 
turn  in  phHofophy ;  I  (hall  only  mention  in  general 
terms,  that  the  ratio  of  the  intenfities  of  two  lumi- 
nous objefts  have  Been  attempted  to  be  mcafured 
by  placing  them  at'different  diftances  from  a  given 
objcft,  until  that  objeft  caft  two  fhadows  of  equal 
darknefsi  or  by  obfenring  when  two  equal  objefts 
appeared  to  be  equally  illuminated,  each  by  one  of 
the  luminous  objcfts ;  for  then  the  proportion  of 
the  intenfities  of  their  lights  was  reckoned  to  be  as 
that  of  the  fquares  of  the  diftances.  For  inftance,  if 
two  equal  objefts  appear  to  be  equally  illuminated, 
when  one  of  them  is  three  feet  from  a  tallow  can- 
dle, and  when  the  other  is  nine  feet  from  a  wax 
cgndlcs  then  it  is  concluded  that  the  intenfity  of  the 

light' 
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light  of  the  tallow  is  to  that  of  the  wax  candle  at 
9to8i*.     , 

The  intendty  of  light  has  alfo  been  meafured  by 
kneans  of  an  extremely  fenfible  thermoineter,  and 
the  contrivance  is  a  very  curious  onef;  but  this 
proceeds  upon  the  fuppoiition  that  heat  and  light 
are  the  fame  thing,  or  that  they  are  always  accom- 
panied in  equal  degree ;  or  that  the  fame  quantity 
of  light  does  always  excite  the  fame  quantity  of 
heat ;  which  is  not  the  cafe. 


•  See  Count  Rumford^s  Paper  in  the  Philofophical  Tianf* 
dAions,  Volume  for  the  year  1794.  Art.  IX.  as  aUb 
Prieftley's  Hiftory  of  Light,  Colours^  and  Vifion ;  P.  VL 
Sea.  VII. 

t  Nichdfon's  Journal  of  Natural  Philofophy,  Chemiftrj^ 
&c.  vol.  IIL  pages  461,  and  51 8. 
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NATURAL    PHENOMENA   RELATIVE  TO  LIGHT. 


WE  have  nefcrved  for  this  chapter  the  account 
of  fuch  natural  phenomena  refpe£ting  lighc» 
as  could  not  be  inferted  in  the  preceding  chapters, 
without  interrupting  the  general  theory  of  optics. 

The  rainbow  is  undoubtedly  the  moil  frequent, 
the  moft  remarkable^  and  the  more  generally 
known,  of  thofe  phenomena.  We  Ihall^.  in  the 
firft  pbce,  (late  the  particular  circumftances  that 
attend  its  appearance,  and  ihall  then  fubjoin  the 
ufual  explanation,  which  is  derived  from  the  above 
defciibed  theory  of  optics. 

When  the  fun  is  on  one  fide  of  the  (pedator,  and 
rain  falls  on  the  other  fide,  a  beautiful  coloured  arch 
is  frequently  feen  in  the  iky  on  the  fide  of  the  rain. 
This  coloured  arch  is  called  the  rainbow ;  and  often 
two  fuch  arches  are  feen  one  within  the  other,  as  in 
fig.  lo,  Plate  XXIL 

The  colours  of  the  inner  bow  EABF,  are  much' 
more  vivid  than  thofe  of  the  outer  bow  GCDH. 
Each  bow  exhibits  all  the  priimadc  coloun,  ar« 
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ranged  in  the  fame  order  as  in  thi  prinnatic  Ipcc- 
vtrum,  viz.  red,  orange,  yellow,  green,  blue,  indigo, 
and  violet;  but  the  order  of  thofe  colours  in  the 
upper  bow  is  contrary  to  that  of  the  lower  5  the 
latter  having  the  violet  at  A,  and  the  red  at  B;  but 
the  former  having  the  red  at  C,  and  the  violet  at 
D.  Thofe  colours  are  blended  into  each  other,  fo 
that  no  eye  can  tHftinguifh  their  boundaries ;  and 
indeed  for  mod  eyes  it  is  difficult  to  diflinguilh 
more  than  the  three  or  four  more  predoniinaht  co- 
lours. 

Sir  Ifaac  Newton  calculated  the  breadth  of  each 
bow,  as  alfo  the  diftance  between  them ;  but  on 
the  fuppofition  that  the  light  which  comes  from. the 
fun  and  forms  the  bows  amongfl:  the  drops  of  rain, 
came  from  a  fingle  point,  viz.  from  the  centre  of 
the  fun.  The  refult  of  that  calculation  is,  that  at 
the  eye  of  the  obferver,  the  breadth  of  the  internal 
or  lower  bow  Ihould  fubtend  an  angle  of  1%  45^, 
the  breadth  of  the  external,  which  is  much  broader, 
ftiould  fubtend  an  angle  of  3%  10';  and  that  the 
diftance  between  the  two  bows  Ihould  fubtend  an 
^angle  of  8',  55.  But  as  the  fun  is  not  a  point, 
and  as  the  light  proceeds  from  every  part  of  its 
furface,  the  diameter  of  winch  fubtends  an  angle 
of  about  half  a  degree ;  therefore  the  breadths  of  the- 
bows  are  larger,  and  the  diftance  between  them  is 
lefs  than  the  above-mentioned  refults.  Adtual 
meafurement  with  a  quadrant,  when  the  colours 
are  vivid,  confbintiy  fhews  that  the  breadth  of  the 

lower 
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lower  bow  fubtends  an  angle  of  2%  1 5' ;  the  breadth 
of  the  upper  bow  fubtends  an  angle  of  3%  40'^  and 
the  cMance  between  both  bows  fubtends  an  angle 
of  V,  2  5'.  Alfo  the  iemidiameter  of  the  circle,  of 
which  the  external  part  of  the  lower  bow  is  an  arch, 
fubtends  an  angle  of  42%  17;  and  the  femi- 
diaaieter  of  the  circle,  of  which  the  internal  part  of 
the  upper  bow  is  an  arch,  fubtends  an  angle  of 
50%  42. 

The  fituation  of  the  rainbows  changes  according- 
as  the  eye  of  the  fpeflator  changes  fituation;  for 
otherwiie  their  breadths,  &c.  could  not  fubtend 
conftantly  the  fame  angles ;  hence  no  two  perfon^ 
can  fee  the  fame  bow  precifely,  or  the  fame  colour, 
in  the  very  lame  place. 

Wbea  the  fpe&ator  is  upon  a  plain,  and  the  fiin 
is  dofe  to  the  horizon,  the  rainbow  is  a  femicircle ; 
but,  according  as  the  fun  is  higher  above  the  hori- 
zon^ fo  the  rainbow  is  a  fmaller  part  of  a  circle. 
The  inner  or  lower  bow  cannot  appear  when  the 
elevation  of  the  fun  exceeds  42"" ;  and  even  the 
upper  bow  dilappears  when  xiic  elevation  of  the  fun 
exceeds  54^ 

When  the  ipe£tator  is  upon  an  eminence,  and 
the  fun  is  near  the  horizon,  then  the  rainbow  may 
exceed  a  femicircle  ^  and  if  the  elevation  of  the 
fpe£U<or  be  very  great,  and  the  rain  near  him,  then 
the  runbow  may  form  a  complete  circle :  for  in  all 
cafes  the  centre  of  the  bow,  the  fpefUtor,  and  the 

fun 
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funj  muft  be  in  the  fame  ftraight  line/which  is  called 
the  Une  of  afpeS. 

The  rainbow  Ibmedtnes  is  complete  fix>m  one  part 
bf  die  ground  to  die  other ;  and  at  other  times  it  is 
interrupted,  either  in  the  middle  or  in  fome  other 
part,  This  ha[^ns  when  the  rain  is  partial ;  for 
it  is  in  the  drops  of  rain  that  the  bows  are  formed^ 
or  diat  the  light  is  diiperled  into  its  coloured  rays. 
The  interruption,  however,  may  alfo  be  produced 
by  the  interpofition  of  clouds,  &c. 

It  follows  likewife,  from  (he  various  diftances  of 
the  rain,  and  from  the  wind,  which  impels' the  rain 
obliquely,  that  fometimes  the  rainbow  appears  in- 
clined, or  even  of  an  oval  form. 

The  ufual  way  of  accounting  for  the  formadon 
"of  the  rainbow,  or  for  the  difperfion  of  white 
light  into  colours,  amongft  the  drops  of  rain,  is  as 
follows : 

Let  j/D,  fig.  II,  Plate  XXII.  rcprefent  a 
drop  of  water  in  the  (ky.  S  j  is  a  beam  of  the 
fun's  light  that  falls  upon  it.  This  r^y,  on  account 
of  the  rcfraftive  power  of  water,  will  not  proceed 
flraitrht  towards  F,  but  will  be  bent  towards  the 
perpendicular  jC,  fo  as  to  impinge  upon  the  furface 
of  the  drop  at  /.  At  that  place  part  of  the  light 
paflcs  through  the  drop  into  the  air ;  but  another 
part  of  it  is  reflefted,  making  the  angle  of  refledion 
equal  to  that  of  incidence,  and  in  coming-out  of  the 
water  into  the  air  at  f,  is  rcfrafted,  viz.  bent  from 
9  tbo 


Nahird  Phenomena  relative  to  Lighti      305 

the  ftraight  dircftion  ef,  fo  as  to  make  the  angle 
peOy  with  the  perpendicular  C/>,  larger  than  the 
angle  Cet  (fee  page  169.)  In  (hort,  the  beam  of 
light  Sv,  by  going  in  and  out  of  the  drop,  fuffcra 
two  refraftions,  viz.  at  s  and  e^  and  one  rcfleftion 
at  /•  By  calculating  the  dire£lions  it  mull  take  at 
thofe  places,  (accordmg  to  the  method  dcfcribcd 
in  ps^  V90>)  it  will  be  found  that  the  angle  SFO 
is  4a*,  2/ 

By  thcfe  rcfraftions  the  light  is  difperfed  into 
the  prifmatic  colours  O  ^  B ;  the  red  light,  as  the 
Icaft  refrangible,  being  next  to  ^O,  and  the 'violet 
next  to  ^B ;  therefore  an  eye  fituated  at  O  will 
perceive  a  red  light  at  e.  If  the  eye  be  raiied 
gradually  higher,  it  will  perceive  the  orange  next> 
Acn  the  yellow,  then  the  green,  &c.  and  laft  of  all 
will  perceive  the  violets 

Now  this  would  be  the  cafe  if  there  were  a  fingle 
drop  of  rain  in  the  flcy,  and  that  drop  remained  im- 
moveable :  but  it  is  eafy  10  conceive  that  if  the  eye 
of  the  fpeftator  remain  immoveable,  and  the  drop 
delcend  gradually  from  C  to  E,  then  the  eye  will 
fikewife  perceive  all  the  colours  fucceffively,  from 
die  red  to  the  violet;  and  fince,  in  a  (hower  of  rain 
a  vaft  number  of  drops  are  to  be  found  at  the  fame 
rime  between  C  and  E  j  therefore  the  eye  will  at 
fhe  fame  time  receive  the  red  light  from  the  drops 
at  C,  or  near  it,  the  orange  from  drops  that  are  a 
little  lower,  the  yellow  from  thofe  that  are  lower, 
ftill,  &c.  i  and,  laftly,  the  violet  from  the  k>weft 

▼OI..   III.  X  At 
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at  £.  Hence  the  violet^  which  is  feen  in  the  direc- 
tion  O  £,  is  the  lowed  colour  of  the  firft  rainbow  i 
and  the  red»  which  is  feen  in  the  direction  Oe^  is  the 
bigheft. 

Since  die  incident  and  the  refraded  ray  m\& 
snake  a  given  angle,  as  S  F  Oj  in  order  to  (hew  a 
tertain  colour  $  it  follows^  that  the  rainbow  muft  be 
the  arch  of  a  circle,  or  rather  the  bafe  of  a  cone, 
the  axis  of  which  (viz.  the  line  of  aJpeS)  pailes 
chr6i%h  the  eye  of  the  fpe£tator,  and  through  the 
fun/which  forms  the  vertex  of  the  cone ;  for  in  that 
cafe  only  (baight  lines  drawn  from  any  point  of  the 
rainbow  to  the  fun,  and  to  the  eye  of  the  obferver, 
form  the  j&me  requifice  angle.  Hence  we  fee  why^ 
when  die  line  of  afped  is  upon  the  horizon,  the  bow 
muft  be  a  femicircle ;  alfo,  why  ic  mud  be  leis  than 
a  femicircle,  when  the  line  of  afped  is  inclined  from 
the  fun  downwards,  &c. 

Having  fpoken  above  of  the  incident  ray,  or 
beam  of  light  S  j,  it  may  perhaps  be  neceflary  to 
obfcrvc,  for  the  fake  of  perfpicuity,  that  this  is  not 
the  only  light  that  falls  from  the  fun  upon  the  drop 
J  /  D ;  for  there  are  numberlefs  rays  that  fall  upon 
its  whole  furface;  but  as  they  fall  with  different 
inclinations,  fo  all  their  emergent  parts  cannot  come 
to  the  fame  eye :  hence  we  have  taken  notice,  of 
that  liglit  only,  which  impinging  upon  the  drop  in 
the  direftion  S  j,  can  (after  the  two  rcfradions'  at 
s  and  e,  and  a  refledioa  at  t,)  come  to  the  eye 
atO. 

There 


There  is,  however,  another  part  of  the  light  tnd- 
dcot  upon  a  drop  of  rain,  which,  after  two  reftac* 
aonsj  and  two  refle&ions,  can  come  to  the  fame  eye 
when  placed  at  a  proper  diftance ;  and  this  is  the 
light  wijich  fi»rms  the  fecond  or  external  rainbow. 

Ijet  JGs  (fig.  the  fame)  be  a  drop  of  rain  higher 
than  the  drop  j/D»  Ys  is  a  lay  of  light,  which  en- 
ters it  at  /,  and  inftead  of  proceeding  ftiaight  to- 
wards jf,  is  refradled  towards  the  perpendicular  jC  ; 
it  is  then  partly  reflected  from  J  to  #,  and  again 
fitMn  ^  to  ^;  nuking  both  at  ^,  and  at.^,  the  angles 
of  refledioa  refpedi  vely  equal  to  the  angles  of  inca« 
deuce.  Laftly,  on  going  out  of  the  drop  at  ^ ,  this 
ray  is  refraded  from  the  perpendicular  q  Cj.  and  is 
dij^rfed  into  the  coloured  fedor  Bg  O,  having  ihc 
vblet  colour,  which  fuffers  the  greateft  refra&ion, 
next  xo  Bg ;  and  the  red,  which  is  the  lead:  refran- 
^blc  next  to  ^O;  fo  that  the  colours  of  the  upper 
xunbow  are  in  an  order  contrary  to  that  of  the 
lower  rainbow.  By  calculating  the  changes  of  the 
dtre&ion  which  take  place  at  the  two  places  of  re- 
fiaftion  s^gy  (fee  page  190,)  and  at  the  two  places 
of  reflection  d^e,  it  will  be  found  that  the  emergent 
icdrayj^O,  makes  with  the  incident  ray  Yi&,  an 
ang^e  OA Y  of  5o«>,  57'. 

On  account  of  the  light  fufFering  one  refledioa 
more,  and  continuing  longer  in  the  drop  Gds  than 
in  the  drop  j/D,  the  angle  of  difperfion  B70  is 
larger  than  the  angle  of  difperfion  O^B 
the  upper  rainbow  is  broader  than  the  I01 
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its  colours  are  hot  near  fo  vivid  as  thofe  of  the 
lower. 

I  need  not  repeat  what  has  been  faid  above  in 
explanation  of  the  particulars  relative  to  the  form^ 
extent,  &c.  of  the  lower  rainbow  j  for  the  fame  cx- 
planation^  with  few  obvious  changes,  is  applicable 
to  the  upper  rainbow, 

A  rainbow  is  alfa  produced,  and  for  the  fanie 

reafons,  by  the  light  of  the  moon ;  but  (as  it  niay 

.  naturally  be  expefted)  the  colours  of  the  lunar  rwi- 

bow  are  not  nearly  fo  vivid  as  thofe  of  the  (blar 

rainbow*. 

Such  a  coloured  bow  is  ndt  unfrequendy  feen  at 
fed  in  the  fpray  or  drops  of  water,  >¥hich  the  wind 
difperfes  or  carries  away  from  the  tops  of  the  waves. 
The  colours  of  this  bow  are  not  ^o  lively  as  thofe 
of  the  common  rainbow ;  the  mod  vivid  are  a 
yellow  next  to  the  fun,  and  a  green  next  to  the 
fca.  Thofe  bows,  of  which  a  great  many  are  often 
to  be  feen  at  the  fame  time,  have  a  poHtion  con- 
trary to  that  of  the  common  rainbow ;  viz.  the 
curve  part  Ts  towards  the  fca,  and  the  legs  up- 
wards. 

A  coloured  bow  is  always  to  be  feen  amongft  the 
fcattered  water  of  a  jet,  a  broken  cafcade,  and  the 
like,  when  the  fun  and  the  fpcftator  are  in  proper 
fituations. 

^  See  the  account  of  a  remarkable  lunar  bow  in  the 
Philofophical  Tranladlions,  N*^  33 1. 

Sometimes 
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*  Soinetimes  a  coloured  bowls  cauied  by^the  re- 

» 

fradHon  of  the  fun's  rays  in  the  drops  of  dew  upon 
Ac  graft.  The  convex  part  of  fuch  bow  is  turned 
towards  the  fpeftator. 

In  (hort,  a  coloured  bow,  larger  or  fmaller, 
ftrpnger  or  weaker,  according  to  circumftances,  is 
always  to  be  fcen  when  drops  of  water,  the  fun,  and* 
the  fpeftatbr,  are  properly  fituatcd.  A  perfon  may 
fee  it  if  he  turns  his  back  to  the  fun,  and  fortes 
fome  water  violently,  and  in  broken  dreams,  from 
his  mouth.  But  the  befl:  way  of  imitating  a  rain* 
bow  is  to  faften  a  number  of  fmall  folid  glafs  balls> 
or  a  number  of  fmall  glafs  bubbles  full  of  water, 
upon  a  dark  board,  and  to  prefent  the  board  thus 
iumifhed  to  the  fun  at  a  proper  inclination,  which 
experience  eafily  finds,  whilft  you  turn  your  back  to 
the  fun  and  look  at  the  board. 

Another  fort  of  luminous  appearances  under  die. 
name  of  bales  or  coronas^  may  be  frequently  ob- 
lerved  in  the  flcy.  Thefe  are  circular  zones  of  pale 
light,  moftly  white,  but  Ibmetimes  varioufly  co- 
bured,  which  are  fcen  round  the  fun,  the  moon, 
and  even  round  fbme  very  bright  ftar  or  planet. 
The  halo  is  -  fometimes  quite  clofe  to  the  luminous 
body.  ^*  Thofe  which  have  been  fcen  about  Sirius 
"  and  Jupiter  were  never  more  than  3,  4>  or  5  de- 
"  grees  in  diameter  i  thofe  which  furround  thp 
^'  moon  are,  alfo,  fometimes  no  more  than  3  or  5 
^  degrees.  But  thefe,  as  well  as  thofe  which  fur- 
^'  round  the  fun,  are  of  very  different  aiagnitudesi 

X  3  "  viz. 
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"  via.  from  i  a*,  to  90%  or  even  larger  thtn  this* 
*^  Their  diameters  ^fo  fometimcs  vary  during  the 
^<  time  of  obferva^n ;  and  the  breadths  both  of  thcs 
«<  coloured  and  white  circles  ape  very  diffcrcntj  viz# 
*^  of  a,  4,  or  7  degrees. 

<^  The  colours  of  thefc  coronas  art  more  dilute 
f*  than  thofe  pf  the  rainbow  s  and  they  are  ia  a  dif» 
*'  ferent  order,  according  to  their  fizc*." 

Coronas  may  be  produced  by  placing  a  lighted 
candle  in  the  midft  of  ileam  in  cold  weather. 

Various  opinions  have  been  entertained  by  dif- 
ferent  philofophers  concerning  the  real  caufes  of 
fuch  halos  or  coronas.  But  whether  they  are  owing 
to  the  rdiradion,  or  the  refledion,  or  the  infle^on> 
of  lights  or  to  all  thofe  caufes,  and  in  what  propor- 


*  ''  In  thofe  which  Newton  obfcrvedin  1692,  they  were 
V  in  the  following  order,  reckoning  from  the  Jnfide.  In 
"  the  innermoft  were  blue,  white,  and  red ;  in  the  middle 
f*  were  purple,  blue,  green,  yellow,  and  pale  red ;  in  the 
^  outermoft,  pic  blue,  and  pale  red.  M.  Huygens  obferved 
^<  red  next  the  fun,  and  a  pale  blue  outwards.  Sometimes 
^^  they  are  red  on  the  infide,  and  white  on  the  outfide.  Mr. 
«  Weidlcr  obferv©d  one  that  was  yellow  on  the  infide,  and 
*'  white  on  the  outfide.  In  France  one  was  obferved  iu 
*'  1683,  the  middle  of  which  was  white  j  after  which  fol- 
"  lowed  a  border  of  red,  next  to  it  was  blue,  then  green, 
**  and  the  outermoft  circle  was  a  bright  red.  In  1728  one 
<*  was  fecn  of  a  pale  red  outwardly,  then  followed  yellow, 
«'  and  then  green,  terminated  by  white."  Pricftlcy's  Hift. 
ei  Vifion,  Light,  and  Colours,  P.  VI,  Scft.  XI, 

pon, 
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tton>  is  not  yet  fadsfiidorily  determined  *•  It  ap« 
pears,  howev^er,  that  they  are  formed  in  fuch  aggre- 
gations of  vapours  as  are  not  heavy  enough  to  ^1 
in  the  form  of  drops  f . 

A  more  remarkable,  but  much  lefs  frequent, 
ipecies  of  phenomena  are  fometimes  feen  in  the 
heavens ;  they  are  called  parhelia  and  para/eleneSj 
vulgarly  called  mock-funs  and  mock-mocfis.  They 
lecm  to  be  reflexions  of  the  fun  and  of  the  moon 
from  zones  of  denfe  vapours  that  happen  to  be 
coUefted  in  the  iky. 

Parhelia  have  been  ieen  and  are  mentioned  by  va« 
nous  authors  ^. 

^^  The  apparent  (ize  of  parhelia  is  the  fame  as 
^^  that  of  the  true  fun;  but  they  are  not  always 
'*  round,  and  alfo,  they  are  not  always,  though 
'^  diey  are  fometimes  faid  to  be,  as  bright  as 
"  the  true  fun.      When   there    arc    numbers  of 


•  •  The  various  opinions  arc  colleSed  by  Dr.  Prieftlcy  in 
die  above-mentioned  Sedion  of  his  Hiftory,  &€•  See  alio 
an  anonymous  publication,  entitled,  Jn  Acc9unt  tf  tridei  or 
Ctrmue.    London  1799* 

f  Deicartes  remarks,  diat  halos  never  appear  when  it 
nins.    Dioptrics,  page  230. 

t  Ariftocle,  Pliny,  GafTendi,  De  la  Hire,  Caffini,  Def- 
cartes,  Newton,  Mr.  Grey,  Dr.  Halley,  &c.  but  a  concife 
account  of  all  their  obfervations,  as  alfo  of  the  opinions 
which  have  been  entertained  concerning  the  fiMrmation  of 
fuch  phenomena,  may  be  feen  in  Dr*  PriefUey's  Hiftory  of 
Vifion,  Light,  and  Colours,  P.  VL  Sed.  XL  from  which 
the  above  account  is  uken. 

X4  " 
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•*  of  them,  fome  arc  npt  fo  bright  as  others. 
'^  ternally  they  are  tinged  with  colours,  like  the 
*'  rainbow,  and  many  have  a  long  fiery  tail  oppo- 
*'  fitc  to  the  fun,  but  paler  towards  the  extremity. 
**  Dr^  Hallcy  obfcrved  oiie  which  had  tails  extend- 
^^  ing  both  ways,  and  fuch  a  one  alio  M.  Muichen- 
"  broeck  obfcrved  in  1753,  the  tails  being  in  a 
^^  right  line  drawn  through  both  the  funs.  Both 
X  *^  of  them,  alfo,  were  in  coloured  circles.  M. 
^*  Weilder  faw  a  parhelion  with  one  tail  pointing 
*'  upwards  "and  another  downwards,  a  little  crook- 
^^  ed  J  the  external  limb,  with  refpe<5b  to  the  fun, 
*'  being  of  a  purple  colour,  and  on  the  other  fide  i( 
*'  was  tinged  with  the  colours  of  the  rainbow.  'The 
**  tails  of  thefe  parhelia,  for  the  moft  part,  appear 
*f  in  a  white  horizontal  circle. 

"  Coronas  generally  accompany  parhelia,  fome 
"  tinged  with  the   colours  of  the  rainbow,  and- 

others  white.     They  differ  in  number  and  fize, 

but  they  are  all  of  the  fame  breadth,  which  is 
**  that  of  the  apparent  diameter  of  the  fun. 

**  A  very  large  vjhite  drcle,  parallel  to  the  ho- 
*'  rizon,  generally  pafTes  through  all  the  parhelia ; 
*f  and  if  it  were  entire,  it  would  go  through  the 
"  centre  of  the  fun.  Sometimes  there  are  arcs  of 
'^  leffcr  circles  concentric  to  this,  touching  thofc 
"  coloured  circles  which  furrpund  the  fun.  They 
*'  are  ajfo  tinged  with  colours,  and  contain  other 
*f  parhelia." 

Of  the  aurora  iorealis,  or  northern  light,  yte  (ball 


cc 
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make  mention  in  the  next  fedion^  under  the  title 
of  Ele&ricity :  but  we  Ihall  juft  obferve  in  this 
place,  .that  fometimes,  though  by  no  means  fre- 
quently,, a  pale  white  light  more  or  left  extended^ 
is  ieen  in  the  iky^  the  c^ufe  of  which  is  not  known. 
It  differs  from  the  northern  light  principally  by  its 
being  ftcady  and  uniform,  whereas  the  northern  light 
is  lambent  and  changeable.  The  former  is  like- 
wife  more  denfe  than  the  latter ;  for  it  generally 
ecliples  the  ftars  over  which  it  paffes,  A  remark-  . 
able  appearance  of  this  fort  was  obfervi:d  in  Lon- 
don on  the  night  of  March  the  27th,  178 1  *. 

The  zodiacal  light  is  a  fort,  of  pyramidal  white- 
ncis,  which  is  fometimes  feen  above  the  horizon 
after  the  (etting  of  the  fun,  or  before  its  rifing.  Its 
whicenefs  is  not  much  unlike  that  of  the  via  laffea, 
or  miJfy  way.  Its  bafe  is  towards  the  fun,  and  its 
extenfion  is  in  the  plain  pf  the  zodiac.  Caflini 
feems  to  have  firfl:  taken  notice  of  it  in  168  j.  In 
the  torrid  zone  the  zodiacal  light  is  frequently,  or 
aUn<^  conilantly  feen.  At  or  near  our  latitude  it 
may  be  feen  about  the  time  of  the  equinoxes.  The 
breadth  of  this  whitenefs  is  various ;  at  the  horizon 
it  varies  from  8  to  30  degrees  \  its  extenfion, 
reckoning  from  the  fun  to  the  apex  of  the  light,  ge- 
nerally exceeds  45%  Mr.  Pingrc,  being  in  the 
torrid  zone,  faw  it  of  1 20  degrees. 


•  Thilolbphica)  Tr^nlkaions,  vol.  71^  Art.  XVI. 
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^^  At  prefent,  fays  de  la  Lande^  it  iccms  to  be 
^'  generally  belie ved,  that  the  zodiacal  light  is  the 
^^  atmofphcre  of  the  fun ;  for  it  always  accompanies 
**  that  luminary,  and  the  equator  of  the  fun  is  in . 
**  the  direftion;  of  the  zodiacal  light.  Therefore  m 
<<  all  probability  the  zodiacal  light  is  an  atniofphere 
<^  fituated  round  the  fun  in  the  diredion  of  its  equa- 
*'  tor,  and  flattened  by  its  rotatory  nciotion*.'* 

Various  accounts  of  peculiar  luminous  appear- 
ances that  are  ftcn  in  particular  places,  and  which 
are  evidently  owing  to  certain  peculiar  difpofitions 
of  mountains,  houfes,  rivers,  and  other  objei^j  are 
to  be  met  with  in  different  books ;  but  none 
of  thefe  feems  to  be  more  remarkable,  and  lefs  un- 
derftood  with  refpeft  to  its  caufe,  than  the  fiunoUi 
Fata  Morgana^  or  apparition  lb  called,  which  is 
frequently  feen  near  the  city  of  Reggio,  fituated 
towards  the  extremity  of  the  kingdom  of  Naples, 
and  facing  the  ifland  of  Sicily. 

"  When  the  rifing  fun  fhines  from  that  point, 
*'  whence  its  incident  ray  forms  an  angle  of  about 
*'  45  degrees  on  the  fea  of  Reggio,  and  the  bright 
"  furface  of  the  water  in  the  bay  is  not  difturbed 
"  either  by  the  wind  or  the  current,  the  fpefbtor 
^  being  placed  on  an  eminence  of  the  city,  with  his 
<^  back  to  the  fun  and  his  face  to  the  fea  s — on  a 
^^  fudden  there  appear  in  the  water,  as  in  a  catop* 
«*  trie  theatre,  various  multiplied  objefts,  viz*  num* 


*  Aftrononu  Paris  177 1,  §  845  10849. 

"  berlefs 
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^  bcricfs  ferici  of  pilafters,  arches,  caftles  well  de« 
''  linoited,  regular  columns,  lofty  towersi  fuperb 
V  palaces,  wi^  balconies  and  windows,  extended 
^  alleys  of  trees,  delightful  plains  with  herds  and 
^  flpcks,  armies  of  men  on  foot  and  horfcback,  and 
'^  many  other  ftrange  images,  in  their  natural  co- 
^  lours  and  proper  actions,  palling  rapidly  in  fuc-* 
''  ceflion  along  the  furface  of  the  Tea  during  the 
''  whole  of  the  ihort  period  of  time  while  the  above* 
"  mentiofied  caufes  remain. 

"  But  if,  in  addition  to  the  circumftances  before 

^  deferibed,  the  atmofphere  be  highly  impregnated 

'^  with  vapour,  and  denfe  exhalations  not  previa 

"  ouQy  difperfed  by  the  aftion  of  the  wind  or 

'^  waves,  or  rarefied  by  the  fun,  it  then  happens 

^  diat  in  this  vapour,  as  in  a  curtain  extended  along 

^  the  channel  to  the  height  of  about  30  palms,  and 

•'  nearly  down  to  the  fea,  the  obferver  will  behold 

*^  the  fcene  of,  the  fame  objcdts  not  only  refleded 

''  fironti  the  furface  of  the  fea,  but  likewife  in  the  air, 

^*  though  not  fo  diftinft  or  well  defined  as  the  for« 

•*  nticr  objefts  from  the  fea. 

^  Laftly,  if  the  air  be  (lightly  hazy  and  opakct 
*^  and  at  the  fame  time  dewy  and  adapted  to  form 
••  the  iris,  then  the  above- mentioned  obje<5bs  will 
^  appear  only  at  the  furface  of  the  fea,  as  in  the 
«*  firft  cafe,  but  all  vividly  coloured  or  fringed  with 
"  red,  green,  blue,  and  other  prifmatic  colours  ♦/' 

•  Diffirtaxione  prima fopra  un  Fenomeno  volgarrmnte  dett§ 
Fgt^  Jl/Urg^na.   Dtl  P.  Antonio  Mtnaji.  Rma  1773. 

This 
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This  phenomenon  is  related  with  fomc  variety  of 
circumftances,  and  has  been  differently  explained, 
by  various  writers.  Upon  the  whole,  it  ieenns  that 
the  appearances  of  houfcs,  trees,  &c  are  only  the 
refie6tions  of  the  objefts  of  the  city  of  Reggio,  and 
of  Ihe  coaft.  They  fcem  to  be  reflcfted  from  the 
furface  of  the  fea,  and  from  the  furface  of  denfe  va- 
pours or  clouds  in  the  air  clofe  to  the  fea;  and  ac- 
cording  to  the  various  forms  and  number  of  the  re- 
flefting  furfaces,  thofe  objefts  are  multiplied,  nriag- 
nified,  inverted,  elongated^  or  otherwife  diftorted. 
But  the  exaft  explanation  of  the  phenomenon 
muft  be  left  for  the  ingenuity  of  future  ob- 
fervers. 

J  fhall  clofe  this  chapter  with  a  concife  account 
of  phofphorefcent  bodies,  among  which  I  (hall 
reckon  the  ignis  fatuus^  ov  jack-a-lantern. 

The  name  of  phofphorus  has  of  late  been  given 
to  a  particular  primitive  fubftance,  of  which  fuffi- 
cient  mention  has  been  made  in  the  fecqnd  volume 
of  thcfe  Elements;  but  in  its  more  extenGve  appli- 
cation, that  name  means  every  fubftance  that 
fhines  in  the  dark,  without  the  produftion  of  fen- 
fible  heat. 

The  phofphorefcent  bodies  may  be  divided  into 
five  fpccies,  viz.  I.  The  living  animals  which  have 
the  property  of  fliining  an  the  dark,  fuch  as  glow- 
worms, lantern  flies,  of  which  there  feems  to  be  fe- 
veral  fpecies,  but  of  the  mechanifm  which  produces 
their  light,  nothing  certain  is  known.  In  this  country 

fome 
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them,  in  their  bcft  ftatc,  afford  light  barely 
to  read  the  hour  on  a  watch  that  has  a  clear 
!o  warmer  climates  thejir  light  is  much  more 
il.  The  light  of  thofe  infe6ts  generally 
ftcr  death ;  but  whilft  living  they  may  either 
or  not  at  pleafure. 

rhofe  bodies  which  abforb  light,  and  then 
in  the  dark. 

ill  number  of  fubftances  have  the  property 
If  for  a  certain  time  in  the  dark,  after  hav- 
n  previoufly  expofed  to  light;  but  they  have 
S^rent  degrees  of  intenfity  as  well  as  of  du- 
Several  precious  ftones,  and  calcareous 
cfpccially  after  calcination,  have  this  pro- 
as alfo  paper,  and  almoft  all  vegetable  and 
fubftances  when  very  dry,  or  after  foltftion 
»us  acid.  Metallic  fubftances  and  water  have 
s  property  ;  yet  congealed  water,  viz.  ice, 
xcially  fnow,  have  it  in  a  confiderable  de- 

re  is  a  mineral,  called  the  Boiognian  ^ftom^ 

after  due  preparation,  has  this  property  in  a 

markable  degree  f.  Thofe  ftones  are  moftly 

found 


:ecari's  Experiments  in  the  Comment.  Bonon. 
page  106. 

he  proper  or  efFe£lual  method  of  preparing  this  ftone 
»  be  kept  fecret.  Several  trials  made  in  this  country 
;ceeded  but  partially.    Kircher  direfb  to  reduce  the 

'    ftone 
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found  in  cheneighbourhood.of  ftdogna.  This  it  an. 
heavjr  grey  fpar  of  the  baryck  gemis^  properly  called 
bar^felenite^  and»,  from  its  weight,   marmor  maai^ 
Ucum. 

If  this  ftone,  after  due  preparation,  be  expoied  to 
the  day  light,  and  then  be  broughc  into  a  dark 
room,  it  will  be  found  to  ihine  with  a  darkiih  red 
light,  or  to  appear  like  ignited  coals.  This  fliimng 
continues  a  few  minutes,  gradually  decaying,  and 
laftly  vani(hing.  By  expoling  it  again  to  the  day 
light  for  a  few  fecoinds,  its  ihining  property  is  re- 
newed as  often  as  one  pleafes.  It  wUl  become  lu- 
minous even  by  expoGng  it  to  candle  light. 

The  refiduum  of  the  diftillation  of  chaUc  and  ni- 
trous acid  has  the  ihining  property,  fimifar  to  diet 
of  the  bolognian  (lone,  though  not  in  (o  gnm  a 
degree.  This  is  called  (from  its  inventor)  Bald- 
win*s  pbo/pborus. 

Several  other  preparation^  have  the  property  of 
abforbing  light,  and  then  of  yielding  it  in  the  dark  ; 
but  none  has  it  in  fo  eminent  a  degree  as  that 


ftone  into  a  fine  powder,  together  with  white  of  egg,  water 
or  liiifeed  oiU  The  parte  thus  formed  muft  be  put  in  a 
furnace,  and  muft  be  calcined  to  a  certain  degree.  Others 
dire(Sb  to  place  the  bolognian  ftone  amongft  lighted  charcoal, 
and  to  leave  it  undifturbed  therein  until  the  coals  are  con- 
fumed.  Other  methods  have  alfo  been  dcfcribed  ;  but,  not 
knowing  which  of  them  is  the  bert,  I  (hall  not  trouble  the 
reader  with  any  more  of  them. 

•^  which 
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which  was  difcovered  by  the  laite   Mr;  Canton, 
and  which  is  prepared  in  the  following  manner : 

•*  Calcine  fome  common  oyfter-Qiells,"  (if  they 
be  old>  and  half  calcined  by  time,  fuch  as  are  found 
upon  the  fea-(hore,  they  are  fo  much  the  better) 
"  by  keeping  them  in  a  good  coal- fire  for  half  an 
**  hour;  let  the  pureft  part  of  the  calx  be  pulve- 
*'  rizcd  and  lifted ;  mix  with  three  parts  of  this 
**  powder  one  part  of  the  flowers  of  fulphur ;  let 
•*  this  mixture  be  rammed  into  a  crucible  of  about 
**  an  inch  and  a  half  in  depth,. till  it  be  almoft  full ; 
^'  and  let  it  be  placed  in  the  middle  of  the  fire, 
**  where  it  muft  be  kept  red  hot  for  one  hour  at 

• 

•*  leafti  and  then  fct  it  by  to  cool  5  when  jcold,  turn 
it  out  of  the  crucible,  and  cutting  or  breaking  it 
to  pieces,  fcrapc  ofi^,  upon  trial,  the  brighteft  part, 
**  which,  if  good  phofphorus,  will  be  a  white  pow-r 
**  dcr,  and  may  be  preferved  by  keeping  it  in  a  dry 
*'  phial  with  a  ground  ftopple*." 

^  If  this  phofphorus,  whether  in  the  phial  or  not,  be 
kept  in  the  dark,  it  will  give  no  light,  but  if  it  be 
expofed  to  the  light,  either  of  the  day,  or  of  any 
other  body  fufiiciently  luminous,  and  afterwards  be 
brought  into  a  dark  place,  it  will  appear  luminous 
for  aconfiderable  time,  viz.  a  few  minutes.  Its  light 
IS  white  with  a  fliade  of  blue  or  green. 

A  litde  of  this  phofphorus,  when  firft  brought 
into  a  dark  room,  after  having  been  expofed  for  a 
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few  feconds  on  the  outfide  of  a  window  to  the  conl- 
mon  day  light,  will  give  fight  enough  to  difcovcf 
the  hour  on  a  watch ;  provided  the  eyes  of  the  ob- 
fervcr  have  been  (hut  or  in  the  dark  two  or  three 
•minutes  before. 

It  has  been  long  qiieftioned  whether  thofe  phof- 
phori  fliine  by  yielding  the  light  which'  they  ^lavc 
firft  imbibed,  or  by  yielding  their  own  light,  kindled 
as  it  were  by  the  aftion  of  foreign  light;  and  though 
the  fomner  opinion  be  by  far  the  moft  probable, 
yet  the  queftion  is  not  quite  fatisfaftorily  deter- 
mined. 

In  order  to  elucidate  this  point,  various  ingenious 
perfons  have  attempted  to  illumine  thofe  pholphori 
by  coloured  light,  as  for  inftance,  by  red,  or  green, 
or  blue,  or  yellow  light  j  but  their  rcfults  do  not 
agree.  Algarotci  having  illuminated  the  bolognian 
phofphorus,  by  differently  coloured  light  produced 
by  a  prifm,  found  that  the  phofphorus  was  faintly 
illuminated  by  this  means,  but  he  could  not  diftin- 
guifli  any  difference  of  colour  in  it  *. 

Beccaria  of  Turin  obfcrved,  that  pieces  of  arti- 
ficial phofphorus,  much  fuperior  to  the  bolognian, 
inclofed  in  tubes  into  which  the  light  was  admitted 
through  pieces  of  coloured  glafs,  exhibit  that  par- 
ticular colour  only ;  yet  this  effecT:  has  been  denied 
by  fubfequent  obfcrvejs. 


«  Acad.  Par.  173c. 

The 
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The  determination  of  this  quellion  would  go  a 
great  way  towards  proving  that  light  is  real  matter 
emanated  by  the  luminous  body,  nkther  than  a  mo- 
dification of  a  fluid  univerfally  difperfed.  But  in« 
dependent  of  this  queftibn,  what  principally  feems 
to  prove  the  materiality  of  light,  is  the  change  which 
light  alone  produces  on  various  bodies,  viz.  on  yc< 
getablesv  on  folutions  of  fil ver,  &c.  * 

III.  The  bodies  which  produce  light  when 
heatedi  form  the  third  fpecies  of  phofphory.  The 
beft  method  of  heating  bodies  in  a  dark  room 
for  rMs  purpofe,/'  b  to  reduce  the  body  to  a 
^  moderately  fine  powder,  and  to  fprinkle  it,  by 
**  finall  portions  at  a  time,  on  a  thick  plate  of  iron» 
"  or  mafs,  of  burnt  luting  made  of  fand  and  clay» 
^*  heated  juft  below  vifible  rednefs,  and  removed 
«*  into  a  perfeftly  dark  place."  f 

A  great  variety  of  Ibbftances  fhirie  when  they  are 
fo  treated,  viz.  fluoric  ftoncs,  fcvcral  marbles,  dia- 
mond and  other  precious  ftones,  calcareous  earth, 
metallic  fubftances,  fea  coal,  oils,  wax,  butter,  paper, 
and  feveral  other  animal  and  vegetable  fubftances. 

*•  The  duration,  /i^s  Mr.  fVedgufdodX^  of  the 
**  li^t  thus  produced  from  different  bodies  is  ycry 

♦  Sec  Count  Rumford's  Paper  In  the  Philofophical  Tranf- 
adions,  Volume  for  the  year  1798,  Art.  XX. 

t  See  Mr.  T.  Wedgwood's  Paper  in  the  Philofophical 
Tranladions,  Volume  for  the  year  1*792,  Art.  III. 

X  Ibid. 

VOL,  III,  Y  *^  unequal  J 
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^^  unequal ;  in  fome  the  light  is  alinoft  momentaiyi 
**  in  others  it  lafts  for  fbme  minutes,  and  may  be 
*'  prolonged  by  ftirring  the  powder  on  the  heater. 
''  It  Ibon  attains  its  greateft  brightncfs)  .and  dies 

away  gradually  from  that  point,  never  appearing 

in  a  fudden  fla(b,  like  the  light  of  quartz  pebbles 
**  rubbed  together.  If  blown  upon,  it  is  fuddenly 
*K  extinguifhcd,  but  immediately  reappears  on  dil- 
'^  continuing  the  blaft." 

Tlie  light  of  the  preceding  fpecies  of  phoipbori 
is  alio  expelled  more  effedlually  by  heat ;  but  when 
the  quantify  of  light  previoufly  imbibed  has  been 
once  yielded,  then  they  will  ccafc  to  fhinc  unlefs 
they .  be  expofed  again  to  the  light ;  whereas  the 
phofphori  of  this'  third  fpecies  give  out  light  and  heacj 
withopt  the  neceflity  of  having  been  previoufly 
expofed  to  external  light.  It  muft  be  obfcrved, 
however,  tlut  feveral  bodies  are  phofphori  of  both 
ipccies.  ^ 

IV.  Several  fubftanccs  yield  a  light  either  quite 
white,  or  v^ithi  different  fhades  of  red,  or  blue,  by 
attrition,  viz.  when  they  are  rubbed  or  knocked  one 
againft  thei  other.  The  light  is  generally  fpread 
beyond  the  touching  parts,  and  fomedmes  it  fpreads 
all  over  the. bodies. 

Almoft  all  the  flones  of  the  filiceous  genus,  fuch 
as  quartz,  flints*  agates,  &c.  have  this  property, 
as  alfo  glafs,,  porcelain,  hard  baked*  earthen- 
ware, &c. 

This  light  is  often  accompanied  with  a  fiiint  but 
peculiar  fmelU  .'..Somcof  thofe  bodies  during  attri- 

lion. 
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tiotij  cmic  now  and  then  reddifh  fparks  of  a  vivid 
light,  which  retain  their  brightnefs  in  a  paflagc  of 
I,  a,  and  even  3  inches  through  die  air.' 

V.  The  phofphori  of  this  laft  I'pecies  arc  thofe 
which  emit  light  whilft  ih^  are  in  an  evident  ftate . 
of  decompofitionk  Of  this  fort  are  mod  animal 
matters,  and  fome  vegetable  fubftances,  cfpecially 
rotten  wood.  In  fome  of  them  the  light  feems  to 
belong  to  the  extrication  of  phofphorus  properly  fo 
called  J  whilft  in  others  a  pure  light  feems  to  be 
produced.  Upon  the  whole  it  appears,  that  light 
enters  into  combination  with  various  bodies,  and 
forms  one  of  their  conftituent  principles,  efpecially* 
with  animal  and  vegetable  fubftances  i  and  that  when 
thofe  fubftances  are  in  a  ftate  of  decompofition,  thQ 
light  being  one  of  the  ingredients,  is  feparated  from 
the  reft,  &c.  It  alfo  feems  that  the  light  is  fepa- 
rated either  very  flowly,  in  which  cafe  it  is  not  per- 
ceived ;  or  quickly,  -when  it  becomes  vifible.  la 
fome  bodies  it  is  the  firft  produce  of  the  decompo- 
fition, viz.  before  any  putrid  effluvium  is  perceived ; 
in  others,  it  is  yielded  at  different  periods. 

Of  all  the  animals,  fiftr  feems  to  afford  the 
grcatcft  quantity  of  light,  and  they  yield  il  in  the 
greateft  quantity  before  the  putridity  takes  place, 
Almoft  every  body  is  acquainted  with  the  fliining 
property  of  fifti ;  but  the  moft  recent  and  entertain- 
.  ing  experiments  upon  this  fpecies  of  animals,  and 
particularly  with  the  herring  and  the,  mackerel,  were 

'   Y  a        .  made 
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made  by  Dr.  Hulmc,  and  are  dcfcribcd  in  tKd 
Fliilofophical  Tranfaftions  for  the  year  1*800,  Ar- 
ticle IX.  from  which  the  following  particulars  have 
been  extracted. 

Herrings  and  mackerels  (and  probably  moft 
other  fifties)  begin  to  appear  luminous  about  the 
fecond  day  after  their  having  been  taken  out  of  the 
water.  The  light  increafes  whilft  they  arc  perfeftly 
good  and  fweet;  but  it  begins  to  decreafe  when  the 
fifti  begins  to  putrefy,  and  it  decreafes  according  as 
the  putrefcence  increafes. 

It  is  not  the  external  furface  only  of  thofe  animals 
that  is  capable  of  ftiining  s  but  the  light  feems  to  be 
incorporated  with  their  whole  fubftance,  and  to 
make  a  part  thereof,  in  the  fame  manner  as  any 
other  conftituent  principle  2  for  if  the  fifti  be  cut  in 
various  pieces,  the  whole  furface  of  every  piece  be- 
comes luminous,  if  kept  in  a  dark  and  rather  cool 
place  ;  efpccially  the  foft  roe  both  of  the  herring 
and  of  the  mackerel,  which  look  like  a  complete 
body  of  light  at  about  the  third  or  fourth  night, 
which  generally  is  the  period  of  their  greateft 
brightncfs. 

Hence  it  feems  that  the  decompofition  of  the  fi{h 
begins  very  foon,  but  the  light  is  the  firft  principle 
that  efcapes,  and  which  takes  place  long  before 
any  foetid  or  putrid  effluvium  can  be  perceived. 

This  light  is  not  accompanied  with  any  degree 
of  heat  that  may  be  difcovercd  by  the  thermo- 
meter. 

The 
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The  luminous  matter  of  fi(hes>  or  the  thickifh 
liquor  with  which  this  light  is  incorporated,  may  be 
fcraped  off  by  means  of  a  knife  from  over  their  fur- 
hctSi  and  may  be  preferved  in  a  phial,  where  it  will 
continue  to  (hine  for  a  day  or  two,  or  longer,  accord* 
iug  to  circumftances.  But  there  are  fbme  fubftances 
which,  being  mixed  with  this  luminous  matter  in  a 
certain  proportion,  will  extinguiOi  its  light  i  and  it 
is  veiy  remarkable  that  fbme  of  thofe  very  fub« 
ftancei,  but  mixed  in  another  proportion,  will  va^ 
creaie  or  preferve  it  for  fome  time  longer. 

^  Thofe  which  extinguifh  it  arc,  water  alone  i 
water  impregnated  with  quicklime  1  water  impreg* 
nated  ^th  carbonic  acid  gas  i  water  impregnated 
with  hepatic  gas;  fermented  liquors;  ardent  fpirits; 
mineral  acids,  both  in  a  concentrated  and  in  a  diluted 
ftate ;  vegetable  acids ;  fixed  and  volatile  alkalies, 
when  difiblved  in  water;  neutral  falts,  v\z.  faturated 
iblutions  of  Epfom  fait,  common  fait,  and  of  fal 
ammoniac ;  infulions  of  chamomile  flowers,  of  long 
pepper,  and  of  camphor,  made  with  boiling-hot 
water,  but  not  ufed  till  quite  cold ;  pure  hopey,  if 
uled  alone/' 

On  the  other  hand,  a  very  moderate  folutipn'of 
fome  of  the  above-mentioned  fubftances,  as  for  in- 
fiance,  about  a  dram  of  Epfom  fait,  or  of  Glauber's 
iait,  or  of  Rochelle  fait,  or  of  phofphoratcd  foda,  or 
of  nitre,  or  of  common  fait,  or  of  honey,  or  of  lugar, 
4iflblved  in  an  ounce  of  water,  and  then  mixed  with 
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the  luminous  matter  of  fifhes,  will  reoder'thcir  light 
ftrongcr  and  more  durable. 

Two  ounces  of  fea  water,  being  agitated  with 

the  light  of  mackerel,  foon  obtained  a  brilliant 
•*  illumination.  The  fea  water  preferved  its  lumi- 
•*  noufnefs  for  feveral  days." 

Any  o{  the  laft-mentioned  folutions,  being  im<t 
pregnated  with  the  luminous  matter,  and  left  Ibme 
time  at  rfcft,  are  rendered  more  lucid  by  a  moderate 
ifcgree  of  heat ;  but  an  higher  degree  of  heat,  fuch 
as  that  of  about  boiling  water^  extinguifhes  them 
totally  and  permanently. 

Cold  extinguifhes  this  light  in  a  temporary  xMn^ 
ner ;  for  the  light  is  revived  in  its  full  (pieftdour 
as  foon  as  it  is  expofcd  to  a  moderate  degree  of 
heat. 

The  light  of  thofe  mixtures  is  rendered  more 
vivid  by  motion,  viz.  by  agitating  the  phial  which 
contains  the  liquor,  or  by  drawing  fome  hard  body 
through  ir.  This  feems  fully  to  explain  the  caufe 
of  that  phofphorcfcent  light  which  at  night  is  feca 
on  the  furface  of  the  fea,  when  the  water  is 
agitated  by  a  high  wind,  or  by  the  dafliing  of 
oars,  &c. 

When  this  luminous  matter  of  fiflies  is  extin- 
guifhcd  by  being  mixed  with  fome  of  the  faturated 
folutions  of  the  above-mentioned  kind,  its  light  18 
not  totally  loft,  but  it  may  be  revived  in  its  former 
fplcndour  by  converting  the  folutioh  into  one  of  the 
3  latter 
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latter  iort ;  for  inftance*  if  the  light  bo  cxringuilhed 
by  the  admixture  of  a  faturated  folurion  of  fait,  add 
more  water  to  Ac  mixture,  fo  as  to  dimini(h  the! 
proponion  of  fait,  and  the  light  is  thereby  re- 
vived ;  and  on  the  contrary,  if  to  the  latter  more 
ialt  be  added,  the  light  will  be  extinguiihed,  an^ 
fo  on. 

"  Some  (hining  matter,  fays  Dr.  Hu/we,  was 
^*  taken  from  a  mackerel,  and  mixed  with  a  folu- 
^*  tion  of  feven  drams  of  Epfom  fait  in  one  ounce 
^'  of  water  J  and  its  light  was  immediately  extin- 
guifhed.  The  fame  efFed  enfued,  but  in  a  lefs 
degree,  with  a  folurion  of  fix  and  of  five  drams. 
**  In  a  folution  of  two  drams,  in  the  fame  quantity 
"  of  water,  the  liquid  was  luminous ;  but  much 
*'  more  fo  when  only  one  dram  of  fait  was  ufcd. 
*'  Obfcrving  the  cxtinftion  of  light  to  take  place, 
"  as  above,  in  the  more  faturated  folutions^  Avhiic 
**  the  diluted  folutions  were  luminous,  it  occured 
"  to  me  to  endeavour  to  difcover  what  became  of 
**  the  exringuifhed  light,  in  the  former  cafr ,  and 
"  whether  it  might  not  be  revived  by  dilution. 
**  For  this  purpofc  I  took  the  folotion  of  levcn 
"  drams  of  fait  in  one  ounce  of  water,  in  which 
"  the  lucid  matter  from  a  mackerel  had  been  cx^ 
**  tinguiflied,  and  diluted  it  with  fix  ounces  of^cold 
•'  pump  water ;  when,  to  my  great  aftoniihment, 
**  light  in  a  moment  burft  out  of  darknefs,  and  the 
**  whole  liquid  became  beautifully  luminous !  Xhis 
"  revived  light  remained  above  48  hours,  that  is, 
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^'  as  long  as  other  light  in  general  does^  which  has 

^  never  been  cxtinguiflied.     Hence,   it  had  loft 

«'  noihing  of  its  vivid  luminous  powers  by  its  cx- 

^'  tinftion/' 

The  fleih  of  quadrupeds  fometimes  has  alfo  been 

obicrved  to  emit  light*.    Light  has  alfo  fometimes 

been  feen  on  burying  grounds,  which  is  attributed 
to  the  fame  caqfe,  yi^  to  the  decompoficion  of  ani« 

mal  matter. 

Vegetable  fubftances  in  a  (late  of  decompolition, 
and  efpecially  rotten  wood^  are  fometimes  feen  to 
jhine  ip  the  dark ;  but  amongfl;  the  various  lumi- 
'  nous  appearances  which  feem  to  owe  their  origin  to 
a  dccompontion  of  animal  and  vegetable  matter, 
none  is  fo  famous,  and  yet  fo  imperfeflly  known  as 
the  ignis  fatufUy  or  jack-a-lajUertty  which  has  been 
varioudy  related  by  ignorance,  apprehenfion,  and 
exaggeration^ 

It  has  been  the  opinion  of  certain  philofophers 
that  the  ignis  fatuiis  is  produced  by  flnning  infeds. 
Sir  Ifaac  Newton  called  it  a  zapcur  Jlming  withcut 
beat  j  and  this  fecms  to  be  the  nnoft  probable  opi- 
nion, efpecially  if  it  be  allowed  to  owe  its  origin 
to  the  decompoficion  of  animal  and  vegetable  fub- 
ftarccs. 

Waving  however  any  farther  conjefture,  I,  fhall 
j'uft  add  two  of  the  moft  authentic  accounts  of  fuch 
appearances  that  I  find  recorded. 

■ ' : ' i ^• 

♦  Sec  T.  Bartholin  dt  luce  animalium^  p.  183.     Boyle's 

Works,  vol.  III.  p.  304.    Phil.  Tranf.  vol.  XI.  p.  599. 

It 
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It  is  related  by  Dr.  Derham,  that^  having  ob- 
ferved  an  ipris  fatuus  in  fomc  boggy  ground^  be* 
tween  two  rocky  hills,  in  a  dark  and  calm  nighty 
he  got  hj  degrees  within  two  or  three  yards  of  i^ 
and  thereby  had  an  opportunity  of  viewing  it  to  the 
gprateft  advantage.  It  kept  Ikipping  about  a  dead 
thiftle,  till  a  flight  modpn  of  the  air,  occaQoned,  as 
he  fuppofedj  by  his  near  approach  to  it,  niade  it 
jump  to  another  place ;  and  as  he  advanced,  it  kept 
flying  before  him.  He  was  fo  near  to  it^  that,  had 
jt  been  the  ihining  of  glow-worms,  he  was  fatisfied 
that  he  could  not  but  have  diftinguifhed  the  fepa«> 
ratejights  of  which  it  muft  have  confitled ;  where^ 
as  it  was  one  uniform  body,  of  light.  He  therefore 
thought  that  it  muft  be  an  ignited  vapour  *, 

Mr.  Beccari  made  particular  inquiry  concerning 
the  ignis  fatuus.  He  found  that  two,  which  appear- 
ed on  the  plains,  one  to  the  north  and  the  other  to 
the  caft  of  Bologna,  were  to  be  feen  ahnoft  tvtVY 
dark  qight,  efpecially  the  latter  i  and  the  light  they 
gave  was  equal  to  that  of  an  ordinarv  faggot.  That 
to  the  eaft  of  Bologna  once  appeared  to  a  gentleman 
of  his  acquaintance,  as  he  was  travelling,  and  kept 
him  company  above  a  mile,  ponftantly  moving  be-* 
fore  him,  and  cafting  a  ftronger  light  upon  the  road 
than  the  torch,  which  was  carried  along  with  him. 
All  thefe  luminous  appearances,  he  fays,  gave  light 
enough  to  make  all  neighbouring  objcdls  vifible, 
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aiid  they  were  always  obfcrved  to  be  in  motion^  but 
this  motion  was  various  aud  uncertain.  Somctinnes 
they  would  rrfc  up,  ^nd  at  other  times  fink ;  but 
ihey  commonly  kept  hovering  about  fix  fcct  from 
the  ground.  They  would  aUb  difappear  of  a  fud- 
den,  and  inftantly  appear  again  in  fome  other  place. 
They  diflfcred  both  in  fize  and  figure,  ibmetimes 
fpreading  pretty  wide,  and  then  again  contrafting 
fhcmfclves ;  fonietimes  breaking  into  two,  ahd  then 
joining  again  i  fomctimes  floating  like  waves,  and 
flfopping,  as  it  were,  fparks  of  fire.  He  was 
affured  that  there  was  not  a  dark  night  all  the  year 
round  in  whicli  they  did  not  appear,  and  that  they 
were  obfervcd  more  frequently  when  the  ground 
was  covered  with  fnow  than  in  the  hotted  fummer; 
lior  did  ram  or  fnow  in  the  lead  hinder  their  appear- 
ance ;  but,  on  the  contrary,  they  were  obfcrved 
more  frequently,  and  call  a  llrongcr  light  in  rainy 
^hd  wet  weather  i  nor  were  tlicy  much  aficfted  by 
ihe  wind  *• 


•»  PiicUlcy's  IliJoryof  Villon^  cCc.  p.  ^ji.   I'hil.  Ti;uif. 
vol.  3O,  p.  2'^. 
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SECTION     III. 


OK     ELECTRICITY. 


THE  moft  enlightened  and  inquifitivc  perfons 
of  the  third  or  fourth  century  before  the 
Cbrillian  «ra,  were  acquainted  with  a  remarkable 
property  o^  at  leaft,  two  mineral  bodies,  one  of 
which  was  amber,  and  the  other  was  a  hard  ftone, 
called  fyrcurium  by  Theophraftus  (probably  the 
feme  as  is  at  prefcnt  known  under  the  name  of 
ttmrmaUtt.)  They  knew  that  either  of  thofe  bodies, 
and  in  particular  the  former,  after  a  flight  fridion, 
would  attraft  any  kind  of  fmall  bodies,  fiich  as  bits 
of  ftraw,  alhes,  &c.  that  might  be  prefented  to  it 
within  a  certain  diftance. 

They  knew^likewife  that  another  mineral,  tvhich 
they  called  magnet,  would  attraft  iron,  and  all  fuch 
bodies  as  contained  a  fufficicnr  quantity  of  that 
inetal.  But  a  wide  difference  obrioufly  exifted  be- 
.  twcen  the  power  of  the  magnet,  and  that  of  the 
other  above-mentioned  bodies.  The  magnet  at- 
tra6bed  iron  only,  and  its  attraftive  property  required 
no  previous  friftion ;  the  other  bodies  could  not 
lift  without  previous  friction,  but  then  they  would 

attraffc 
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attrafk  bodies  of  every  kind  indifcriminatdy,  pro* 
vidcd  they  were  fufficiently  light. 

In  procefs  of  time  it  was  found  that'  feveral  other 
bodies,  fuch  as  precious  ftones,  fulphur,  glafs^  &c. 
poflefled  precifcly  the  lame  attraAivc  property,  not 
as  the  magnet,  but  as  the  amber  j  therefore  they 
were  laid  to  have  the  property  of  the  amber,  which^ 
in  the  Greek  language^  was  called  nAcxrpoy,  whence 
the  word  ele3ricity  has  been  derived,  and  hence 
thofe  bodies  were  faid  to  be  pofTcficd  of  ek^riat^ 
or  of  the  eleUric  property.  After  the  lapfc  of  (bine 
centuries  it  was  found  that  larger  bodies,  moderately 
warm,  dry,  and  properly  rubbed,  would  actraft  from 
A  greater  diftance,  and  with  greater  force,  than 
fmaller  bodies  of  the  fame  fort ;  and  as  it  was  ealy 
to  procure  large  pieces  of  glafs  and  fylpbur,  at* 
tempts  to  incrcafe  the  attraftive  property  of  thof? 
fubftances  were  foon  made,  and  thofe  attempts  gra* 
dually  difclofcd  fcveral  other  properties  of  the  fame 
cledtric  power. 

It  was  difcovercd  that  the  fame  body  would  not 
only  attraft,  but  alfo  repel,  the  ligbt  bodies  i  the 
attraftion  and  repulfion  fuccecding  each  other  re^ 
peatcdly. 

It  was  difcovcred  that  this  attraftive  property 
miglit  be  communicated  from  the  glafs  or  fulphur, 
or  amber,  &c.  to  other  bodies,  which  could  not  of 
th(  mfclves  acquire  it  by  rubbing. 

It  was  obfei  vcd  that  on  touching  the  body  which 
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had  been  rubbed  (otherwise  faid  to  be  excited,  or  to 
be  eleftnfied)^  luminous  fparks  were  feen  to  pro- 
ceed from  itj  and  thofe  fparks  were  accompanied 
widi  fnappingSj  viz.an  audible  noife;  and  when  any 
part  of  the  furface  of  the  animal  body  was'  prcfented 
CO  the  electrified  fubftance^  a  (cnfation  was  perceived, 
as  if  Ibmething  (Iruck  the  part  at  the  time  that  the 
(park  was  manifefted. 

Thole  difcoveries  were  moftly  made  in  the  17th 
century,  and  being  incomparably  more  furprizing 
thaa  the  mere  attraftion  of  a  bit  of  amber,  they  pro- 
duced  an  aftonifhing  degree  of  curiofity,  of  induf^ 
try,  and  of  emulation  amongft  the  philofophers  of 
Europe*  The  multiplicity  of  labourers,  the  variety 
of  machines  that  were  contrived,  and  of  experiments 
that  were  inftituted,  produced  farther  difcoveries  ftill 
more  furprifing  than  the  preceding,  and  rendered 
the  fubje6t  ofcleftriciry  highly  interefting  in  the  eye 
of  the  philofopher. 

It  was  difcovered  that  the  elcdric  power  could 
be  accumulated  in  what  is  called  the  Leyden  pbialp 
fo  that  inftead  of  a  fingle  fpark  from  a  piece  of  ex- 
cited fulphur  or  of  excited  glafs,  the  force  of  leveral 
fuch  (parks  could  be  collected  in  that  phial,  and 
could  afterwards  be  difcharged  all  at  once  upon  any 
given  body,  upon  which  it  would  produce  very  ex* 
traordinary  effeits.  In  (hort,  fuch  difcharge  w^I 
iiifiantly  melt  even  the  moft  refractory  metallic  bo« 
dies,   it  kills  animals,   fires  cono  bodies. 
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in  a  (imilar  manner  *a  glafs  ftick,  or  a  long  ftick  of 
fealing  wax,  and  repeat  the  lad  defcribed  expert- 
ment,  you  will  find  that  the  lower  part  of  the  fat 
pended  ftick  of  glafs  or  of  fealing  wax^  will  not  at- 
traft  the  light  bodies,  nor  will  it  give  any  fparb; 
which  (hews  that  the  eleftric  virtue  will  not  pals 
dirough  glafs  or  through  fealing- wax. 

Now  the  above-mentioned  metallic  body,  and  all 
'  thofe  bodies  through  which  the  eledric  virtue  can 
pafs,  are  called  conduilors  o(  tlcdincity.  But  die 
glafs  ftick,  the  fealing-wax,  and  all  thofe  bodies 
through  which  the  clc&ric  virtue  cannot  pals,  are 
called  non-eimduSors.  A  body  refting  entirely  upon, 
or  fufpended  by,  noh-condu£bors,  is  faid  to  be  tn- 
Julated. 

A.11  the  bodies  we  are  acquainted  with,  may  be 
divided  into  conduftors  and  non-condu6tors  of 
eleftricity ;  and  as  it  has  been  found  that  the  non- 
conduftors  may  be  excited  by  friftion,  whereas  the 
conduftors  cannot  be  excited  by  friftion  \  therefore 
eUElrks  and  non-conduHors  mean  the  fame  bodies*; 
and  conductors  have  alfo  been  called  non-ele£lrics. 

Such  is  the  outline  or  the  general  idea  of  thofe 
principles  of  eledricity ;  but  thofe  diftindions  are  for 


•  Ele<Srics  have  alfo  been  called  eURrics per  Je.  It  muff  be 
obferved,  however,  that  certain  fubftances,  fuch  as  oils,  cer- 
tain powders,  &c.  which  arc  non-condu£lors,  arc  called 
ele(Srics  from  analogy  5  for  they  cannot  be  fubmitted  to 
fridion. 

from 
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Tom  being  accurately  fettled  and  determinate.  For 
Lnftance^  we  are  not  acquainted  with  any  body 
wluch^  ftriftly  fpeaking,  may  be  faid  to  be  a  pcr- 
fcft  ele£tric  or  a  pcrfeft  conduftorj  the  cledric 
virtue  finding  fome  refinance  in  going  through 
the  bcft  conduftors,  and  being  partly  tranfmieted 
through,  or  over  the  furface  of,  moft,  if  not  all  the 
ek&rics.  The  Icfs  pcrfcfl  conduftor  any  fubftance 
isj  the  nearer  it  comes  to  the  nature  of  an  eledlric; 
and,  oil  the  -other  hand,  the  lefs  perfe6t  eledtrics 
come  nearcft  to  the  nature  of  condii6lors.  In  faft^ 
there  arc  certain  fubftances  which  muy  adually  be 
excited  by  means  of  fri6lion,  and  at  the  fame  rime 
are  pretty  good  condudiors. 

The  following  lifts  contain,  in  general,-  all  the 
eleftrics  and  the  condu(5lors,  difpofed,  as  much  as 
it  is^  pra£fcicab]e,  in  the  order  of  their  perfe£tionj 
beginning  with  the  moll  perfeft  of  each  clafs* 

ELECTRICS. 

Glafs  and  all  nitrifications,    even   the  metallic 
vitrifications. 

All  precious  ftones,  of  which  the  moft  tranfpa^* 

rent  are  the  bcfti 
Amber. 
Sulphur. 

All  refinous  fubftances.  ^ 

Wax. 
Silk. 
Cotton. 

2    2  & 


340  General  Idea  of  EkBricity. 

Several  dry  and  external  animal  fuUbmces^  as 

feathers,  wool^  hair,  &a 
Paper. 

White  fugar,  and  fugar-candy. 
Air,  and  other  permanently  daftic  fluids. 

Oib. 

Dry  and  complete  oxides  of  metallic  fubftanccs^ 
The  afhes  of  animal  atid  vegetable  fubflances.  . 
Dry  Vegetable  fubftances. 
Moft  hard  ftones,  of  which  the  hardeft  are  the 
bcft. 

Almoft  all  the  above-mentioned  fubftances,  when 
heated  beyond  a  certain  degree,  become  cooduc- 
tors.  Thus  red-hot.  glafs,  melted  rofin,  &c.  are 
condudors  of  ele<5bricity  *•  The  focus  of  a  burning 
lens,  or  concave  refledor.  Is  not  a  condufton  Some- 
times glafs  of  a  hard  quality  is  fo  bad  an  ele&ric 
as  to  be  almoft  a  good  condu6lor.  It  is  remarkable 
that  often  thfe  nature  of  the  fame  pieces  of  glafs  is 
changed  by  time,  and  by  ufe,  fo  as  to  become  good 
eleftrics,  though  at  firft  they  were  almoft  conduc- 
tors, and  vice  verfa. 

A  glafs  vcffel  is  excited  beft  when  the  air  in  it 
is  a  little  rarefied  i  but  a  glafs  vcffel  entirely  or 
almoft  ent  rely  cxhaufted  of  air,  on  being  rubbed, 
ftiews  no'figns  of  eleftricity  on  its  external  fiir- 


♦  Hot  air  has  been  reckoned  a  condudtor ;  but  this  is  dc» 
nicd  by  Mr.  Read.  See  his  Summary  View  of  Spontaneous 
Electricity,  p.  8. 
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Uot^  but  the  dcftric  power  appears  within  the 
vcflcl.  A  glafs  vcffcl  with  condenfcd  air  in  its  ca- 
vity, or  full  of  fome  conducting  fubftance^  cannot  ba 
acitcd;  yet  a  folid  (lick  or  lump  of  glals  may 
be  excited. 

CONDUCTORS. 

Gold. 

saver. 

Copper. 

Platioa. 

Brafi. 

Iron. 

Tin. 

Quickiilver. 

Lead.     , 

Semi«metalSf  more  or  lefs. 

Metallic  ores^  more  or  lefs. 

.Charcoal>  either  of  animal  or  of  vegetable  fub*^ 
ftances*. 

TKe  fluids  of  an  animal  body. 

Water  (efpecially  fait  water),  and  all  fluids,  ex« 
cepting  the  aerial^  and  oils. 

The  effluvia  of  flaming  bodies. 

Congealed  water,  viz.  ice  or  fnow.  But  when 
cooled  down  to  — 13*  of  Fahrenheit's  ihcr- 
inometer,  Mr.  Achard  of  Berlin  found  that 
ice  loft  its  conducting  property,  and  became 

*    an  eledtric. 

'*  Charcoal  is  very  equivocal  in  its  conduSiiig  power ; 

for  iom^  pieces  of  it  will  hardly  cohdu£l  at  all,  whilft  others 

•cc  very  good  conduwlors. 

23 
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Moil  faline  fubftances^  of  which  the  metallic  falls 

arc  the  beft. 
Several  earthy  or  ftony  fubftances. 

^inoke. 

The  vapour  of  hot  water. 

Eleftricity  pervades  alfo  fuch  a  vacuum,  or  ab- 

(cnce  of  air  as  is  caufcd  by  the  beft  air-pump; 

but  not  the  perfeft  abfence  of  air,  or  the  tor- 

ricellian  vacuum,  formed  by  boijing  thequick- 

filvfer  in  a  barometer  tube  *. 

% 

It  needs  hardly  be  obferved,  that  compound  bo- 
dies partake  more  of  the  nature  of  conduftors  or 
of  ele(5lrics,  according  as  a  greater  quantity  of  the* 


•  In  rarefied  air  the  attfaftion  of  eleftricity  is  weakened, 
and  the  eledric  light  becomes  more  difFufed,  but  lefs  6€n(c^  in 
proportion  to  the  rarefaition ;  but,  though  in  a  very  fmall  de- 
gree, they  are,  however,  vifiblc  even  in  the  beft  vacuum 
that  can  be  produced  by  the  moft  efficacious  air-pump,  viz. 
when  the  air  which  remains  in  the  receiver  is  about  the 
thoufandth  part  of  the  oi  iginal  quantity.  All  this  fecms  na- 
tural; for,  fince  the  air  is  an  elcd^ric,  the  more  accurately 
this  eled^ric  is  removed  from  a  given  fpace,  the  more  effec- 
tually can  the  eleflric  power  paf^  through  it;  and  hence  it 
might  be  expeftcd,  that  the  elctSlric  power  would  pafs  freely 
thro'Jgh  the  perfed  torricellian  vacuum.  But  it  fjems 
to  have  been  fully  afccrtaincd  by  Mr.  Walfh  and  Mr.  Mor- 
gan, that  fuch  a  vacua  n  is  not  a  conductor  of  electricity. 
See  Mr.  Morgan's  Paper  in  the  Fhdofophical  Tranfadions, 
vol.  75th,  and  my  Treatife  on  Eles:lricity,  fourth  edition, 

Part  IV.  Chap.  VIII. 

former 
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former  or  of  the  Utter  enters  inco  their  eompofi* 
tion.  Thus  green  vegetables,  freih  wood,  &c.  are 
condu  ^ors  on  account  of  the  water  which  they  con* 
tain.  Hence  ic  follows,  that  all  eleftrics,  previoufly 
to  their  being  uled  as  ele£trics,  muft  be  properly 
cleaned  and  dried. 

Baked  wood  is  a  very  good  eledtriCj  but  it  foon 
loies  that  property  by  imbibing  mo'dure  from  the 
lur : .  hence,  in  order  to  preferve  it  in  a  non-con- 
du£dng  ftatc,  it  (hould  be  yarnifhed  as  ibon  as  it 
comes  out  of  the  oven ;  and  then  again  thoroughly 
dried  in  a  warm  place^  or  in  the  oven  itfelf.  ^ 
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CHAP.    U. 


OP   tilt    two   ELECTfttCItlES. 


IF  the  perfon  who  rubs  the glafs  tube,  as  men- 
tioned in  the  preceding  chapjer«  be  infulatcd, 
viz.  be  fufpendcd  by  means  of  filk  firings,  or  ftands 
upon  a  cake  of  rofin,  &c.  and  in  that  (ituation  rubs 
the  tube  with  his  handi  after  a  few  ftrokes  it  will 
be  found  that  the  perfon  and  the  glafs  tube  are  both 
cleftrified  ;  for  if  any  light  bodies  be  prcfented  to 
any  part  of  the  perfon's  body,  they  will  be  attraftcd 
and  repelled  in  the  fame  manner  as  they  are  by  the 
tube.  The  infulated  perfon  will  alfo  give  out  (parks 
to  another  conduftor  that  may  be  prefented  to  any 
part  of  his  body  ;  but  the  eleftricity  of  the  infulated 
perfon  is  different  from  the  eleftricity  of  the  tube, 
and  the  difference  principally  confifts  in  the  follow- 
ing three  charaftcriftic  properties. 

I.  Whenever  an  infulated  light  body,  as  for  in- 
ftance,  a  fmall  piece  of  cork  fufpended  by  a  filk 
thread,  has  been  attrafted  by  ihe  tube,  and  after- 
wards repelled  ;  that  cork  will  not  be  attrafted 
again  by  the  excited  tube,  but  will  be  repelled  by  it, 
7  provided 
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provided  the  cork  in  this  ftace  of  repuUion  is  not 
couched  by  any  conducing  body*  The  fame  thing 
takes  place  if  an  inlulated  light  body,  like  the  cork, 
&c.  be  attradted  and  repelled  by  the  perfon's  body, 
via.  it  will  continue  to  be  repelled  by  it.  But  if  the 
infulated  cork,  which  is  adually  repelled  by  the  tube, 
be  brought  near  the  perfon,  a  (Irong  attra&ion  will 
take  place  between  the  cork  and  the  perfon ;  and 
in  the  fame  manner,  if  the  other  cork,  which  is  re- 
pelled by  the  perfon,  be  brought  within  a  certain 
dfixnce  of  the  tube,  the  former  will  be  ftrongly 
attniAed  by  the  latter.  Or  if  the  two  infulated 
oorka»  which  are  repelled,  viz.  one  by  the  tube,  and 
the  cither  by  the  perfon's  body,  be  brought  within  a 
certain  diftance  of  each  other,  they  will  attra£b,  and 
will  ruQr  towards,  each  other. 

The  fame  thing  may  be  obfcrved  in  a  more  con- 
vincing manner,  by  prefcnting  more  than  ofie  light 
body  to  each  of  the  eledtrified  bodies.  'Thus  let 
A,B,  fig.  2,  Plate  XXIIL  be  two  cork  balls 
fattened  by  a  linen  thread  A  C  B,  and  let  the  part 
C  D  be  al  (ilk  thread  faftened  to  a  proper  fup- 
port,  at  fome  diftance  from  the  wall  or  other 
objed.  In  this  fituation^  if  you  bring  the  ex« 
cited  glafs  tube  near  the  balls  A,  B,  the  tube  will 
attraA  them,  and  will  foon  after  repel  them.  Now 
let  the  tube  be  removed,  and  the  cork  balls  will  be 
found  to  repel  each  other,  and  to  remain  for  a  con  • 
fiderable  time  in  the  fituation  of  fig.  3. 

Let  another  fimilar  pair  of  cork  balls  be  brought 

in 
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in  contaft  with  the  infulaced  perfon  that  has  rubbed 
the  tube,  and  thefe  alfo  will  afterwards  repel  each 
other>  as  in  fig.  3.  But  if  thofe  two  pairs  of  re- 
pellent cork  balls  be  brought  near,  they  will  attra& 
each  other,. and  by  their  mutual  contaft  the  elcftri- 
cal  virtue  (viz.  the  attradive  and  rcpulGvc  powers) 
will  be  quite  annihilated :  which  (hews  that  one  of 
thofc  eleftticitics  is  quite  the  reverfe  of  the  other^ 
the  one  feeming  to  have  what  the  other  wants. 
Pairs  of  cork  balls  fimilar  to  thofe  of  fig.  2, 

are  generally  ufed  for  manifefting  when  a  bodyb 

f 

cleflrified  or.  not ;  for  if  the  fufpefted  body  be 
brought  into  contaA  with  the  balls,  and  then  be 
removed,  the  balls  will  immediately  diverge,  if  the 
body  had  any  ele6lricity  to  communicate,  but  not 
othcrwife.  Hence  a  pair  of  fuch  balls  is  called  an 
ele^lrometer^  or  an  ekofrofcope. 

II.  The  fccond  difference  between  the  two  elec- 
tricities, confifts  in  the  appearance  of  their  light. 
If  a  pointed,  but  un-infulated,  conducing  body,  as 
a  pin,  a  needle,  or  the  like,  be  prefented  to  the 
excited  tube  in  the  dark,  a  lucid  globule,  or  ftar, 
will  be  fcen  upon  its  point ;  but  if  this  pointed 
body  be  prefented  to  the  infulated  perfon,  efpecially 
while  he  is  actually  rubbing  the  tube,  then,  inftead 
of  the  flar,  a  lucid  pencil  of  rays  will  appear  to 
proceed  from  the  point. 

III.  Laftly,  it  will  appear  from  fome  experiments 
which  will  be  defcribed  hereafter,  that  when  one 
body  A  is  polTcffed  of  the  eledlricity  of  the  tube, 

and 
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• 

and  another  blody  B  is  poflcflcd  of  tlic  eleftricity  of 
the  pcrfon,  the  elcftric  power,  in  its  paflage  from 
one  of  thofe  bodies  to  the  other,  (which  annihilates 
the  cleftriciries)  manifeds  an  evident  current  from 
A  to  B,  but  not  from  B  to  A. 

If  the  infulatcd  perfon  rub,  not  a  glafs  tube,  but  a 
ftick  of  fulphur ;  both  the  man  and  the  fulphur 
will  bcelcrftrified  with  the  two  different  efeiSlricicics : 
but  in  this  cafe  the  fulphur  acquires  the  eledlricity 
which,  in  the  preceding  experiment,  was  acquired  by 
the  iiifulaced  man ;  and  the  infulated  man  will  acquire 
the  ele6bricity  which  was  acquired  by  the  glafs  tube ; 
for  in  the  latter  experiment  the  needle  prcfented  to 
tht  (lilphur  will  (hew  a  pencil  of  light,  and  that 
which  is  prcfented  to  the  man  that  has  rubbed  the 
fulphur^  will  (hew  a  lucid  (lar. 

As  the  contrary  nature  of  thofe  two  elcftricities 
was  originally  bbfcrvcd  by  rubbing  glafs  and  ful- 
phur ;  therefore,  one  of  them,  viz.  that  which  pro- 
duces a  ftar  upon  the  pointed  body  that  is  prefenx- 
ed,  was  called  the  vitreous  ele^ricity^  as  it  was  ima- 
gined to  be  produred  by  rubbed  glafs  in  all  cafes ; 
and  the  other,  viz.  that  which  produces  the  lumi- 
nous pencil  upon  the  pointed  body  that  is  prcfented, 
was  called  the  reftnous  electricity. 

The  two  electricities  always    accompany   each 
other ;  for  whenever  any  two  bodies  (being  both 
infulated,  or  only  that  which  is  a  conduftor)  are 
rubbed  againft  each  other,  if  any  one  of  them  ac- 
quire 


•  f 
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quire  any  clcftricity,  then  the  other  body  will  ccr^ 
tainly  acquire  the  other  eleftricity. 

It  muft  Ukewife  be  remarked,  that  almoft  all 
the  cleftrics  may  be  made  to*  acquire,  at  pleafure^ 
the  one  or  the  other  of  the  two  eleftricities  j  viz.  bjr 
ufing  particular  rubbers.  Thus,  if  a  glafs  tube  be 
drawh  acrdfs  the  back  of  a  cat,  .it  wilt  acquire  the 
refinous  elcftricity  I  but  if  rubbed  with  any  other, 
fubftance,  it  will  then  acquire  the  vitreous  elcftricity. 
Thus  alfo  a  ftick  of  fealing-wax  will  acquire  the  vi* 
treous  -eleftricity,  when  rubbed  with  any  metallic 
fubftance ;  but  it  will  acquire  the  refinous-eleftricity 
when  rubbed  with  leather,  or  paper,  or  the  humaa 
hand,  &c. 

A  flight  alteration,  either  of  temperature,  or  of 
furface,  or  of  preffurc,  will  difpofe  a  body  to  ac- 
quire one  ekftricity  rather  than  the  other;  the 
rubber  always  acquiring  the  oppofite  elcftricity. 

When  the  difference  between  the  two  cledricities 
was  firll  oblcrvcd,  it  was  imagined  that  the  two 
powers  were  both  owing  to  emanations  of  two  par- 
ticular elaftic  fluids,  which,  when  mixed  in  due  pro- 
portion, would  counteraft  each  other,  or  would 
form  a  fort  of  neutral  compound.  But  a  fuppofi- 
tion  much  Ampler,  which  goes  under  the  name  of 
the  Franklinian  theory,  and  which  is  peculiarly  cor- 
roborated T3y  the  above-mentioned  third  difference 
between  the  two  eleftricities,  viz.  that  of  the  current 
from  the  vitreous  to  the  refinous  eleftricity,  is  as 

follows : 

AU 


Of  thtiwo  EUHricitiiS.  ^49 

« 

All  the  phenomena,  called  eledlrical^  are  fup- 
poled  to  be  produced  by  an  inviQble  and  fubtile 
fluid,  exiftkig  in  all  the  bodies  of  the  terraqueous 

» 

globe.  It  is  alfo  fuppofed  that  this  fluid  is  very 
elaftiCy  viz.  repulfive  of  its  own  particles,  but  at- 
ciaAive  of  the  particles  of  other  matter. 

When  a  body  does  not  fliew  any  eleftrical  ap- 
piearances,  it  is  then  fuppofed  to  contain  its  natural 
quantity  of  this  eledric  fluid  ;  (but  whether  that 
quantity  bears  any  proportion  to  the  quantity  of 
snatter*  or  not,  is  utterly  unknown)  therefore,  that 
body  is  (aid  to  be  in  its  natural^  or  mn-eltSlrified 
ftmU :  but  if  a  body  (hews  any  ele(ftrical  appear- 
anccsy  it  is  then  faid  to  be  ekSrified^  and  it  is  fup- 
pofed that  it  has  either  acquired  an  additional 
quantity  of  eleftric  fluid,  or  that  it  has  loft  Pjme  of 
its  natural  (hare.  And  from  the  above-mentioned 
circumftance  of  the  current,  &c.  (p^e  347,)  we 
are  led  to  fuppofe  that  the  vitreous  eledricity  arifes 
ft6m  an  over-charge  of  that  fluid,'and  that  the  refi- 
nous  ele&ricity  arifes  from  an  under  charge,  or  di- 
minution of  the  natural  quantity  of  that  Buid.  Hence 
the  vitreous  eledlricity  has  alfo  been  called  the  plus^ 
or  the  pofilive  ehnricUy  j  and  the  rcfincus  has  been 
called  the  mimis,  or  the  negative  ele^ricity  *. 


•  I  need  not  mention  any  other  of  the  nuincrous  hypo* 
diefes  that  have  been  ofFcred  in  expian.>tion  ct'  the  clectrica} 
phenomena,  as  they  are  too  deficient  to  dcfcrve  any  pircicu- 
lar  notice. 
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« 

As  this  hypothcfis  is  fufficicnt  to  account  (6t  JX 
the  clcftrical  appearances,  at  leaft  much  more  fo 
than  any  other^  we  are  authorized  to  adopt  i^ 
until  foine  other  hypothefis  may  fecm  to  be  better 
entitled  to  our  affcnt. 

In  the  firft  place,  this  theory  (hews  that  whpn  an 
eleftric  and  a  conducing  fubftance  are  rubbed 
againft  each  other,  the  ckftric  fluid  is  not  gc-*^ 
neratcd;  but,  by  the  aftion  of  rubbing,  one  body^ 
pumps,  as  it  were,  the  eleftric  fluid  from  the  other 
body.  Hence,  if  one  body  becomes  overcharged 
with  it,  or  eledlrificd  pofitivcly,  the  other  muft 
become  undercharged,  or  eleflrified  negatively, 
unlefs  its  deficiency  is  fupplied  by  other  bodies  that 
communicate  with  it*.  Hence  alfo  we  fee  the 
reafon  why,  when  an  eleftric  is  rubbed  with  another 
eleftric,  or  with  an  infulated  rubber,  it  can  acquire 
but  little  eleftricity,  viz.  becaufe  in  that  cafe  the 
rubber  cannot  be  fupplifd  with  eleftric  fluid  from 
other  bodies. 

Eleftric  attraftion  is  eafily  explained  ;  for  this 
does  not  exift,  except  between  bodies  that  are  dif- 
ferently eleft rifled,  where  the  fuperfliious  eleftric 

■»  By  what  mcchanifm  one  body  extrafts  the  eleftric  fluid 
from  another  body  during  the  rubbing,  is  by  no  means 
known.  The  incrcafed  capacity  of  the  eleftric  for  the  elec- 
tric fluid  in  certain  fituations,  fecms  to  afford  a  plaufible 
explanation.  The  nature  of  thofe  capacities  will  be  CJ^* 
plained  hereafter. 

fluid 
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fluid  of  the  bodies  diac  are  eleftrified  pofitively 
attrafbs,  according  to  the  theory,  the  undercharged 
matter  of  thofe  which  are  eleftrificd  negatively. 

Wc  might  now  proceed  to  apply  this  theory  to 
the  other  phenomena  of  eleftricity  i  but  it  will  be 
more  fatisfad^ory  to  fubjoin  this  application  to  the 
deicription  of  the  experiments  which  will  be  given 
in  die  courfe  of  this  Se£lion. 


t    3S^    ] 


CHAP.   m. 


-OF  COMMUNICATED  ELECTRICITY,   PARTICULAftiT' 

TO  CONDUCTORS. 


WHENEVER  any  elcftricity  is  eommtr* 
nicated  to  a  body,  be  it  pofitivc  or  ncga^ 
tive,  it  is  confined  upon  it  only  by  ele&rics,  and  will 
remain  with  that  body  a  longer  or  a  fhorter  tinne^ 
according  as  the  elcftrics  which  confine  it  arc  moie 
or  Icfs  perfcd:.  Thus  the  eleftricity  which  is  iupcr-' 
induced  upon  a  glafs  tube  by  rubbing  ir,  reqnainsr 
upon  the  tube,  infomuch  as  it  is  furrounded  by  the 
air,  which  is  an  eledric ;  and  as  the  air  is  in  a  more 
or  Icfs  perfefl  eleftrk  ftate  on  account  of  itf 
moifture,  drynefs,  &c.  fo  the  eledlric  virtue  is  re- 
tained upon  the  glafs  for  a  longer  qr  a  (horter  period; 
and  fomctinncs  an  excited  glafs  tube  will  remain 
fenfibly  eleftrified  for  upwards  of  20  hours. 

If  a  finger,  or  any  other  condu6lor,  be  prefented 
to  an  excited  eleftric,  it  will  receive  a  fpark,  and  in 
that  fpark  a  certain  portion  only  of  the  eledricity  of 
the  excited  eledtric,  becaufe  that  eledtric  cannot 
convey  the  cleftricity  of  all  its  furface  to  that  part  to 
■ '  which  the  conduftor  has  been  prefented.     Hence, 

if 
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if  a  conduftor  be  prcfcnted  Tuccefllvcly  to  dlfiertnt 
parts  of  the  excited  ekftricj  it  will  receive  a  fpark 
ac  every  approach>  until  all  the  power  of  chat  elec- 
tric is  exhaufted,  and  then  a  new  excitation  is  oc^ 
ceffiuy  in  order  to  revive  it. 

Whenever  a  condu£l:orj  which  communicates 
wich  the  earthy  (viz.  not  infulated)  is  prefented  at 
a  convenient  diftancc  to  an  excited  dedric,  it 
acquiresj  on  that  prefented  fide,  aq  eledtricity  con^ 
trary  id  that  which  is  pofTclTed  by  the  eledric. 
This  deftricity  increafes  as  the  body  b  approach* 
cd»  and  at  laft»  there  being* an  eager  attridtion 
between  pofitive  and  negative  eledbricitiesy  th^ 
condudor  receives  a  fpark  from  the  eledric^  by 
which  means  the  balance  is  reftored. 

If  tbe  condufbor  do  not  communicate  with  die 
eardb  but  be  infulated,  then  on  being  prefentedj  as 
befiue,  to  the  excited  eledric,  not  only  that  fide  of 
it  which  a  towards  the  eledric,  but  the  oppofite 
fide  ^o  will  appear  eledrified  i  with  this  difierencCy 
however,  -that  the  fide,  which  is  expofed  to  the  in- 
fluence of  the  ekdhric,  has  acquired  an  e]eftriciqf 
contrary  to  that  of  the  excited  elcdric,  and  the  op* 
pofite  fide  has  acquired  the  fiime  deftricity  as  that 
of  the  eledric  Thofe  two  diflferent  eledridcies  of 
the  condudor  increafe  as  the  condudor  comes 
nearer  to  the  eledkric,  and  at  laft  it  receives  a  fpark 
from  the  eleftric,  arfd  becomes  throughout  poflefied 
of  the  fiime  eloflricity  with  the  d^dric. 

VOL.  Ill*  A  A  All 
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All  thofe  cfFcfts  will  take  place  in  the  fame  mtn^ 
her,  if  a  thin  plate  of  glafs,  or  of  rofin,  or  of  other 
eleftric  fubftance,  be  intcrpofed  between  the  con- 
diiflor  and  the  excited  eledlric ;  but  then  a  fpark 
cannot  come  from  the  eleftric  to  the  condu6torj 
unlefs  it  opens  its  way  by  burfting  the  interpofed 
cledtric,  as  it  always  docs  in  pafling  through  the 
air.  This  difplacing  and  fubfequent  coll^fing  of 
the  air  is  what  caufes  the  noife  that  attends  i 
ipark* 

An  infulated  conductor  that  has  received  the 
eleftricity  from  an  excited  eleftric  (in  which  ftatc 
it  is  faid  to  be  ele£!rified  by  communication)  will  aft 
in  every  refpefi  like  the  excited  eleftric  itfclf,  ex- 
cepting that  when  it  is  touched  by  another  con- 
duftor  which  is  not  infulated,  the  former  will  give 
one  fpark  to  the  latter,  difcharging  at  once  all  its 
eleftricity,  bccaufc  the  eleftricity  which  belongs  to 
every  part  of  its  furface  is  cafily  conduced  through 
its  fubftance  to  that  fide  to  which  the  other  con- 
dudtor  is  prefented*.  Hence  it  follows  that  the 
cleftricity,  which  is  difcharged  by  an  elcftrified  and 
infulated  conductor,  is  in  general  ftronger  than  tliat 
which  is  difcharged  by  an  excited  eleftric. 

If  there  be  two  infulated  conduftors,   one  of 


•  It  muft  be  obferved,  however,  that  when  the  elec- 
trified condu£lor  is  large,  aiid  much  extended,  a  very  trifling 
rcfiduum  of  ekflricity  generally  remains  upon  it,  which  will 
afford  a  fecond,  but  incomparably  rmaller>  (park. 

which 
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"which  only  is  ele£trified,  and  if  this  conduflor 
be  touched  by  the  other,  then  the  eleftricity  will  be 
divided  amongft  thofe  condudors ;  but  it  will  be 
divided  neither  equally  nor  in  proportion  to  their 
quantities  of  matter.  But  if  the  conductors  be  quite 
alike,  and  be  iimilarly  fituated  with  refped  to  the 
furrounding  bodies ;  then  die  electricity  will  be  di« 
vidcd  equally  among  them.  If  their  furfaces  be 
equal  but  difiimilary  as  for  inftance,  a  fquare  foot  of 
tin  foil  in  one  piece,  and  another  fquare  foot  of  the 
fame  cut  into  a  long  flip  ;  then  the  latter,  viz.  the 
body  whoie  fur&ce  has  a  greater  extenfion,  will  ac- 
quire more  eledtricity  than  the  other.  If,  when  the 
two  conductors  are  equal  and  (imilar,  one  of  them 
lies  contiguous  to  an  irrperfeCt  conductor,  and  the 
other  is  contiguous  to  the  air  only  i  then  the  former 
will  acquire  a  greater  quantity  of  eleCtricity  than 
the  latter. 

The  eleCtric  fpark  (viz.  a  feparate  quantity  of 
ele&ricity)  will  go  a  greater  or  lefs  diftance  through 
die  air,  .in  order  to  reach  a  conductor,  according  as 
its  quantity  is  greater  or  lefs;  as  the  parD»  from 
which  it  proceeds,  and  on  which  it  ftrikes,  arc 
iharper  or  more  blunt,  and  as  the  conductor  is  more 
or  lels  perfect* 

The  noifc  and  the  light,  which  accompany  the 
fpark,  arc  greater  or  lefs,  according  to  the  quan- 
tity of  electricity,  alfo  as  the  parts  from  which  it 
proceeds,  and  on  which  it  (trikes,  are  blunter  or 
fliarper,  and  as  the  conductor  is  more  gr  lefs  per- 

A  A  2  fcCt. 
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ftft.  Thus  a  fharp-pointed  body  will  Arow  ofF 
eleftricicy  to,  and  receive  tt  from  a  greater  diftance 
than  a  body  of  any  other  fhape ;  but  that  paT- 
(age  occafidns  no  remiirkable  noife,  and  is  at* 
tended  with  little  light ;  for  in  this  cafe  the  eke- 
tticity  comes  not  in  a  feparatc  large  body,  but  by 
litde  and  little,  or  rather  in  a  continuate  ftream.    ' 

If  a  pointed  wire  be  concealed  in  an  open  glafs 
tube  diat  projects  a  fhort  way  beyond  the  points  or 
if  it  be  covered  widi  tallow,  or  bees-wax,  or  Ibl- 
phur,  &c.  then  it  will  take  a  fbong  fpark  from  an 
cleftrified  conduAor. 

It  is  remarkable,  that  when  points  are  throwing 
off,  or  are  receiving  eleftricity,  a  current  of  air  al- 
ways appears  to  proceed  from  the  point,  and  dnt 
is  the  cafe  whether  the  electricity  is  pofitive  or  ne- 
gative, 

A  pretty  large  quantity  of  cleftricity  pervades 
the  fubftance  of  a  conductor  of  conHderable  length 
with  furprifmg  and  inappreciable  velocity;  but  a 
fmall  quantity  of  it  has  been  found  to  take  a  little 
time  in  palling  through  a  long  and  lefs  perfect  con- 
duftor. 

The  eleftric  fpark  taken  upon  any  part  of  a  living 
animal  body,  caufes  a  difagreeable  fenfation,  which 
is  more-or  lefs  fo,  according  as  the  fpark  is  (Irongcr 
or  weaker,  and  as  the  part  is  more  or  lefs  delicate, 
or  the  pcrfon  more  or  lefs  fenfible. 

It  has  been  repeatedly  afferted  and  denied,  firll, 

that  cleftricity  communicated  to  infulated  animal 

6  bodies. 
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bodies^  quickens  their  pulfe,  and  increafes  their 
peiipiration  i  odly,  that  if  it  be  communicated  to 
infulatcd  fruits,  fluids,  and  other  bodies  which  are 
adtually  m  a  ftace  of  evaporationt  it  increafirs  that 
evaporation ;  and,  sdly,  that  it  promotes  vege- 
tation. 

Widi  reipedt  to  the  firfl:  circumflance,  the  moft 
accurate  experiments  (hew  that  eledrization,  whe- 
ther by  pofitive  or  negative  eledricity,  does  not 
aocderate  nor  retard  the  ordinary  number  of  pulfa* 
ctoos  10  a  found  perfon  i  but  that  the  quickening  of 
the  puliation,  which  is  often  obferved  in  fuch  caie% 
ariles  from  fear  cm*  apprehenfion  *• 

The  perfpiration  of  animal  bodies,  frui^  and 
odier  iubftances  that  are  adually  in  a  ftate  of  evar 
poranon,  is  increafed  but  little  by  eleftrization ; 
provided  thofe  fubftances  are  expofed  to  the  am- 
bient air  with  a  free  furface. 

With  refpeft  to  vegetation,  the  mofl:  impartial, 
diverfified,  and  condufive  experiments  have  ibewn, 
that  eleArization  does  neither  promote  nor  retard 
vegetable  life  \. 

If  the  face,  or  any  part  of  the  body,  be  prefented 
CO  an  excited  deftric,  or  to  a  condui^r  ftrongly 


♦  Sec  Van  Maruai's  Account  of  the  Tcylcrian  Ele6lr« 
Mach.  of  Harlem,  and  my  Treatife  on  EleS.  4th  Edition, 

vol.  III.  p.277. 

f  See  Dr.  Ingen-Houfz's  two  Letters  in  the  Jwmal 
ii  Pbjfiqui^  for  February  1786  and  May  1788. 
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elefbrified^  a  fenfation  will  be  felt  as  if  a  wind  were 
blowing,  or  rather  as  if  a  fpider's  web  were  drawq 
over  it. 

If  the  noftrib  be  prefented  to  an  excited  elefbric, 
a  fmell  will  be  perceived  which  much'  refembks 
that  of  phofphorus ;  but  communicated  eledtricity 
does  not  occafion  any  fuch  fenfation,  except  when 
a  large  quantity  of  it  paffes  fuddenly  from  one  body 
to  another. 

If  the  dream  of  eledricity  which  iffiies  from  an 
ekftrified  point  be  diredled  on  the  tongue,  a  peculiar 
tafte  is  perceived;  and  bodies  that  have  been  a 
certain  time  expofed  to  that  ftream,  or  to  ftrong 
electric  effluvia  in  general,  retain  a  certain  finell, 
fuch  as  has  been  mentioned  above,  for  a  confidcra- 
ble  time  after. 

If  elcftricity  be  communicated  to  an  infulated 
vcfTcl  containing  water,  and  the  water  be  aftually 
running  out  of  it  through  a  hole  or  pipe  j  the  ftream, 
if  lefs  than  a  tenth  of  an  inch  in  diameter,  will  be  ac- 
celerated, and  more  fo  in  proportion  as  its  diameter 
is  fmallcr  -,  it  will  even  drive  the  water  in  a  donti- 
nuate  ftream  out  of  a  very  fmall  capillary  tube,  out 
of  which,  without  the  aid  of  elcftricity,  the  water 
will  not-  even  be  able  to  drop.  When  above  a 
tenth  of  an  inch  in  diameter,  the  ftream,  though 
it  divides  and  carries  the  fluid  farther,  is,  how- 
ever, neither  fcnfibly  accelerated  nor  retarded  by 
cleflricitv. 

To\^a^ds  the  beginning  of  this  chapter  it  hii 

been 
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been  faidi  that  wh(;n  a  conduftor  is  prefented  to  an 
electrified  body,  it  acquired,  on  the  prefcnted  fide, 
an  clcftricity  contrary  to  that  of  the  eleftrified 
body.  Wc  muft  now  add  a  very  remarkable  law, 
▼tz.  that  no  elediricity  can  be  obferved  upon  the 
furfacc  of  any  electrified  body,  unlefs  that  furfacc 
is  contiguous  to  an  eleftric,  which  can  in  fome 
maoncr  or  other  acquire  the  contrary  eleflricicy  at 
a  little  diftance ;  or,  in  other  words,  no  eledtricity 
can  appear  upon  the  furface  of  any  eledrified  body, 
unlels  that  furface  is  oppofite  to  another  body  which 
has  a&ually  acquired  the  contrary  eleAricity ;  and 
tbofe  contrarily  cledtrified  bodies  muft  be  feparated 
by  an  clcAric*  Thus,  when  an  infulated  body, 
ivhich  ftands  at  a  diftance  from  other  condudtors, 
is  elcArified,  the  air  which  furrounds  it  performs 
at  once  the  office  of  an  eleftric  and  of  a  condu6lor ; 
for  it  acquires  the  contrary  eledtricity  at  a  little 
diftancc  from  the  eleftrified  body,  whilft  the  inter- 
vening ftratum  of  air  feparates  thofe  two  elec- 
tricities. 

With  rcfpeft  to  the  paflage  of  eleftricity  from 
one  body  to  another,  we  may  in  general  remark, 
thac  if  the  repulfion  exifting  between  bodies  that 
arc  poflfcflfed  of  the  fame  kind  of  eleftricity  be  ex- 
cepted, all  the  other  eleftrical  phenomena  are  pro- 
duced by  the  pafTage  of  elcdricity  from  one  body  to 
another. 

With  refpeft  to  attraftion  and  repulfion,  this  ge- 
neral law  muft  be  remembered  -,  namely,  that  thofe 
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bodieS)  which  are  poflefled  *of  the  fame  fort  of  dec* 
tricity^  repel,  or  tend  to  repel,  each  other  1  but  bo« 
dksi  which  are  poffeQed  of  different  eledtricitiesi 
alttraft,  or  tend  to  attract,  each  other ;  and  there  is 
no  ekdric  attradion  but  between  bodies  which  are 
poflefled  of  diSereot  eledricicies  *• 

This  laft  aflertton  may  at  firft  fight  appear  to  be 
eontradi&ed  by  the  cfleft  which  takes  place  when 
fmall  bodies  are  prefented  to  an  excited  cube,  or  to 
$iny  other  eleftriiied  body  1  for  they  ^  attnt£ted  by 
it,  Aough  they  have  not  been  previoufly  expoftd  to 
MRj  eleftrization ;  but  the  difficulty  will  vanifli,  if 
what  hsis  been  faid  i|bove  be  reonembered,  namely, 
that  the  fmall  bodies  naturaUy  acquire  the  contrary 
de&ricity  merely  by  their  being  brought  widiia  ibe 
,  fphere  of  aftion  of  an  eleftrified  body  |  -  ib  that 
when  they  are  attrafted,  they  are  adhiaily  poflefled 
of  the  contrary  elcftricity. 


^  A  particular  explanation  of  this  law  wiU  be  given 
hereafter. 


a 
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nPHE  eleftric  vimie  may  alfo  be  communicated 
^    to  elcdrics  i  but  this  commuuicadon  to  elec* 
trici  is  atteoded  with  icveral  circumftances,  difierent 
£Rxn  thole   which  attend  the  communication  of 
tk&ncitf  to  conduAors ;  for  when  one  fide  of  any 
of  the  latter  recdves  fome  eledricityi  that  elec- 
Cridty^  inftandy    pervades    its    whole   fubftance; 
whereas  when  an  elcdb-ic  is  prefented  to  an  eleftri- 
fied  bodyj  a  fpark  from  the  latter  will  eleftrify  the 
former  in  a  fmall  fpot  only ;  for,  on  account  of  its 
ooo-condiiding  quality,  the  eleflricity  cannot  ex- 
pand itlelf  through  it.     In  (hort,  when  an  eleftric 
is  preicnted  to  an  ele&rified  body,  the  former  will 
acquire  difierent  eledlricines  on  different  fides,  (as 
has  been  (aid  of  conduAors  in  the  preceding  chap- 
ter) s   thefe   eleAricities  incrcafe  according  as  the 
diftance  between  the  two  bodies  diniinifhes,  viz.  as 
they  are  brought  nearer ;  but  if  at  laft  a  fmall 
quantity  of  eledricity  be  communicated  to  one 
pf  die  eleftric,  that  electric  will  nor  h?romc  thn 
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out  poflcffed  of  one  clcftricity,  but  will,  in  fomc 
cafes,  flill  fhew  different  eleftricities  on  different 
fides ;  and  in  certain  circumftances  many  repeated 
changes  from  pofitivc  to  negative  eleftricity  may  be 
obferved  upon  the  very  fame  eleftric. 

If  to  one, fide  of  an  electric  fufficiently  thin,  fuch 
as  a  pane  of  common  window  glafs,  a  plate  of  feal* 
ing  wax,  or  of  talc,  &c.  you  communicate  one  elec- 
tricity, and  to  the  oppolite  fide  you  communicate 
the  contrary  eledricity,  that  plate  in  that  (late  is 
&id  to  be  charged,  and  the  two  eledricities  cannot 
come  together,  and  annihilate  each  other,  unlefi  a 
communication  by  means  of  conducing  fubHanccs 
be  made  between  both  fides,  or  the  ele£tric  pboe 
be  broken  by  the  force  of  eleftric  attraftion. 

When  the  two  eledricities  of  a  charged  ele&ric 
are  by  any  means  united,  and  of  courfe  their  powers 
dcflroycd,  then  that  electric  is  faid  to  be  difcharged; 
and  the  ad  of  union  of  thofe  two  oppofite  powers  is 
generally  called  the  ele^lric  Jhock ;  becaufe  when  a 
living  animal  body  forms  the  circle  of  communica- 
tion between  the  two  (;des  of  the  charged  plate,  the 
difcharge  wliich  muft  pais  through  it,  occafions  a 
fudden  motion,  by  concrafling  the  mukles  through 
which  it  paflcs,  and  gives  a  peculiar  fenfation,  which 
proves  more  or  lefs  difagreeable  according  to  the 
different  conftitucions  of  p:rfons. 

In  order  to  avoid  the  difficulty  of  communicating 
clecSlricity  to  an  electric  plate,  it  is  cuftomiryto 
coat  the. fides  of  it  with  Ibme  conducting  fubftance, 

fuch 
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filch  as  tin-foil,  gold-leafr  (heet-lead,  &c.  by  which 
means  the  charging  and  difcharging  becomes  very 
cafy ;  for  when  the  eleftricity  is  communicated  to 
one  part  of  the  coating,  it  immediately  fpreads  it- 
fclf  through  all  the  parts  of  the  elcftric  that  arc  in 
contaffc  wiih  that  <:oating ;  and  when  the  eleftric  is 
to  be  difcharged,  it  will  be  fufficient  to  make  a 
conducting  communication  between  the  coatings  of 
both  fides. 

Thofe  coatings  mull  not  come  very  near  to  each 
other  towards  the  edge  of  the  plate,  for  in  that  cafe 
a  communication  between  thofe  coatings  is  ready  at 
hand ;  and  though  the  coatings  are  not  abfolutely  in 
contaA,  yet  when  they  are  eleftrified,  the  elec- 
cricity  will  eafily  force  a  pafTage  through  the  air,  and, 
fay  pafling  over  the  furface  of  the  electric  plate  from 
one  coating  to  the  other,  renders  it  incapable  of  re- 
ceiving any  confiderable  charge  *• 

The  curious  properties  of  charged  eledrics,  and 
the  furprifing  efFcfts  of  the  difcharges,  entitle  it  to 
the  follow'uig  more  accurate  enumeration  of  parti-> 
culars. 

If  a  glafs  plate  (and  the  fame  thing,  mud  be  * 
underftood  of  other  elcftric  fubftances),  whether 
fmooth  or  rough,  be  coated  with  fome  conduding 
fubftance,  fo  that  the  coatings  do  not  come  very 


•  The  property  of  conducing  the  elccSlriciry  over  their 
furface  is  fo  great  in  fome  kinds  of  glafs,  as  to  render  them 
Quite  iiniit  for  the  purpofe  of  charging  and  difcharging. 


near 
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near  the  edge  of  the  plate ;  and  if  ibme  eleftricltf  be 
communicated  to  one  of  thofe  coatings,  whilft  the 
other  coating  communicates  with  the  earth,  or  with 
a  fufficient  quantity  of  conducing  bodies;  then  C^e 
.  laft  mentioned*  coating  will  of  itfclf  acquire  nbomc 
an  equal  quantity  of  the  contrary  eledricity :  but  iC 
whilft  one  fide  is  acquiring  eleftricity,  the  oppofite 
fide  does  not  communicate  wich  the  earth»  or  with  a 
fufficient  quantity  of  conducting  fubftances;  then  the 
glafs  plate  cannot  be  charged^  except  in  a  very  tri« 
fling  degree. 

Now  the  reafon  why,  when  one  fide  of  the  g^aft 
is  receivingone  eledricity,  the  oppofite  fide  acqmres 
the  other  eledricity,  is  the  fame  as  was  menciooed 
above,  viz.  the  property  which  bodies  have  of 
acquiring  an  eledricity  contrary  to  diat  which  is 
poflefled  by  a  contiguous  elcflrified  body;  and  the 
intcrpofition  of  the  glafs  plate  keeps  thofe  clcftrici- 
ties  feparate :  but  if  the  charge  be  too  high,  and 
the  glafs  plate  be  too  thin,  then  the  great  attrac* 
tion  between  the  two  different  cledlridties  forces  a 
paflagc  through  the  glafs,  difcharges  it,  and,  by  break- 
ing it,  renders  it  unfit  to  receive  another  charge. 

Thofe  cffeds  take  place  in  the  fame  manner  if 

the  glafs  be  not  in  the  form  of  a  plate,  but  in  any 

other  Ihape  whatfocver,  provided  it  be  fufBciently 

thin  ;  it  being  not  the  form  but  the  thicknefs  of  the 

glafs  that  renders  it  capable  of  receiving  an  higher 

or  a  lower  charge.      The   thinner  glafs  receives 

the  hightd  charge,  but  it  is  more  liable  to  be  broken 

bv  i". 

This 
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This  remarkable  property  was  diicovered  by  Von 
in  1745*,  but  it  was  firft  latisfaaorily  noticed 
at  Leyden^  where  the  experiment  was  performed 
with  a  phial ;  hence  a  phial  or  botde  coated  on  the 
iolide  and  outHde  for  the  purpofe  of  charging^ '&c. 
has  been  called  the  Leyden  Phialj  otherwife  an  eUc- 
9rk  jar ;  and  the  charging  and  difcharging  of  a 
coated  eleftric,  in  general^  has  been  called  the 
LtjJen  Experiment. 

A  coated  glafs  is  capable  of  holding  a  greater 
charge  in  condenfed  than  in  rarefied  air»  provided 
the  m  be  dry. 

If  a  coated  glafs  plate  or  jar^  after  Iiaving  been 
ditfgied,  be  infulated,  and  only  one  of  its  coatings, 
or  fides,  be  touched  with  fome  condudtor ;  that  fide 
win  not  part  with  its  elcftricity,  becaufe  the  elec- 
tricity of  one  fide  exifts  in  copfequence  of  the  con- 
trary  eleftricity  on  the  oppofite  fide,  and  they,  by 
their  mutual  attradion^  confine  each  other  on  the 
fur&ce  of  the  glafs.  Therefore,  in  order  to  dif- 
charge  that  glafs,  both  coatings  niuft  be  conne<5):ed 
bf  ineans  of  a  conducing  body,  and  then  the  dif- 
chaige  is  made  through  that  condudler.  The  dif- 
cfaarge  may  alfo  be  made  by  connecting  each  coating 
with  a  hrge  quantity  of  conducing  bodies. 

When,  in  order  to  difcharge  a  jar,  one  of  its 
coatings  is  touched  firfl  with  a  condudbor,  as  for  in- 
ftance,  widi  one  end  of  a  brafs  chain,  no  particular 


Pdeftley's  Hift.  of  EleA.  3d  edit.  vol.  I.  p.  102.^ 

phenomenon 
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phenomenon  will  cake  place ;  but  as  (bon  as  the 
other  end  of  the  chain  comes  within  a  fufEcicnt 
diftance  of  the  other  coating,  -a  fpark  will  be  ftcn 
between  this  end  of  the  chain  and  that  codtingt  ac- 
companied with  a  report,  and  the  jar  is  inflantly 
-  difcharged. 

The  Ipark  thus  produced  by  the  difcharge  of  a 
charged  eleftric  or  Leyden  phial,  is  much  brighter, 
much  louder,  but  at*  the  fame  time  much  (horcer 
than  diat  which  is  taken  from  an  infulated  conductor 
that  contains  an  equal  quantity  of  ele&ricity . 

If  the  communication  between  the  two  coatiogi 
of  a  charged  jar  be  made  by  means  of  imperfed 
conductors,  as  a  flender  piece  of  wood,  or  wet  pack- 
thread, &c.  the  difcharge  will  be  made  fllently,  but 
not  fo  fuddenly,  and  of  courfe  its  eiiei^s  will  not  be 
fo  great,  as  when  it  is  difchargcd  fuddenly. 

'The  force  of  the  fhock,  which  is  produced  by 
coated  glafs  of  a  given  thicknefs,  is  proportionate 
to  the  quantity  of  coated  furface,  fuppofing  that  the 
charge  has  been  carried  up  to  the  utmoft  degree. 
Hence  by  increafing  the  quantity  of  coated  furfece, 
the  charge,  and  the  efFefts  of  the  difcharge  or  fhock, 
may  be  increafcd  almoft  to  any  degree.  A  number 
of  coated  jars,  conncdled  together  in  fuch  a  manner 
as  to  unite  their  forces  and  ad  like  one  jar,  confti- 
tutes  what  is  called  an  ele£lrical  battery. 

In  making  the  difcharge,  the  elcdricity,  which 
goes  from  one  fide  of  the  jar  to  compenfatc  the 
contrary  electricity  of  the  oppofite  fide,  through 

good 
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good  conduftors,  has  bcefi  found  to  move  with  in-, 
appreciable  quickncfs*. 

The  force  and  the  noifc  of  an  cleftric  difcharge 
is  not  afFcftcd  by  the  inflexions  of  the  conductor 
through  which  it  paffes,  but  is  fcnfibly  weakened 
hj  its  length- 
It  evidently  appears  that  the  eleftricity  finds  fonfic 
obftn]6tion  in  going  through  even  the  beft  conduc- 
tors ;  for  in  fome  cafes  it  will  prefer  a  Ihort  paflfagc 
through  the  air,  to  a  long  one  through  the  beft 
condudtors.  The  obftruclion  is  greater  where  the 
condudorsj  which  form  the  circuit,  are  not  in  pcr- 
fcft  contaft,  and  efpecialiy  where  the  eleftricity 
muft  pafs  from  a  more  perfeft  to  a  lefs  perfedl 
cortdudlon 

A  ftrong  (hock  fent  through  an  animal  or  a  plant, 
puts  an  end  to  animal  as  well  as  to  vegetable  lifef. 
If  a  fmall  interruption  of  the  circuit  be  made  in 
water,  on  making  the  difcharge  (notwithftanding 
that  the  water  is  a  conduAor)  a  fpark  will  be  feen 
in  it,  which  never  fails  to  agitate  the  water,  and 
often  breaks  the  vcflcl  that  contains  it.  If,  by 
making  a  fmall  interruption  of  the  circuit  between 


•  Pricfllcy's  Hiftory  of  Plhancity,  Period  VIII.  Sea.  II. 

t  The  co.-nmon  ZJj^OT  {Impatlini)  i«i  the  pl.^r.t  uv.icli, 
as  &r  as  I  knou',  is  killed  cafiefl  by  cl-j£trif.ity.  The  fhock 
of  a  fmall  jar,  fuch  a<;  a  coacc!  4  ounce  phial,  is  fi/ficicnt  t  > 
deftroy  the  life  of  a  full  grown  b^lia.-n.  Th'  *  '*r?in5  Vj 
droop  immediately  after  ihe  (hock. 
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fSxi  two  (ides  of  a  Leydcn  phial,  in  wateri  the  fiiotk 
is  paflfed  through  it>  fo  as  to  produce  a  fpark  in  the 
water,  that  difcharge  will  be  found  to  produce  an 
exceedingly  fmall  bubble  of  elaftic  fluid ;  and^  by 
repeating  the  difcharge  «  vaft  number  of  dmes»  a 
certain  quantity  of  that  elaftic  fluid  may  be  accu- 
muhtedy  which  is  inflammablCf  and  appears  to  be  a 
mixture  of  hydrogen  and  common  air  or  oxygen 
aio  viz.  the  components  of  water.  By  inflamma- 
tbn  this  elaftic  fluid  explodes,  and  is  converted 
again  into  water  *• 

If  the  circuit  be  interrupted  by  one  or  more  eleo- 
tries,  or  imperfeft  conductors,  of  a  moderate  thick- 
neis,  the  electric  fliock  will  break  them,  and  in 
fbrhe  circumftances  will  difperfe  them  in  every  di- 
rection, and  in  fuch  a  manner  as  if  the  force  pro- 
ceeded from  the  centre  of  every  one  of-  the  inter- 
pofed  bodies.  In  fevcral  inftances  the  effect  of  the 
ihock  upon  an  interpofed  body  is  evidently  greater 
on  that  fide  of  it  which  communicates  with  the  po- 
fitivc  fide  of  the  jar  or  battery. 

A  ftrong  fhock  fent  through  a  flcnder  wire,  or  a 
fmall  piece  of  metal,  makes  it  inftantly  red-hot, 
melts  it,  and,  when  the  fufion  is  perfect,  reduces  it 


♦  Sec  a  letter  on  the  fubjca  from  Mcflrs.  Pa<^,  Van 
Trooftwyk,  and  Deiman,  to  Mr.  De  la  Metherie,  or  mj 
Treatife  on  Ele&ricity,  4th  edition,  vol.  III.  page  i68. 
Alfo  Dr.  Pearfon^s  Paper  in  the  Philofophical  Tranfii&ionSy 
Volume  for  the  Year  i797>  page  142. 

into 
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into  globules  of  different  fizes^  or  even  into  z  fcoria. 
If  the  metal  be  placed  between  pieces  of  glafs^  the 
Ihocky  by  melting  it>  will  force  it  into  the  very  fqb- 
ftance  of  the  glafs.  The  glafles  themfelves  are 
generally  ihattered  to  pieces. 

If  thole  glafles  which  inclofe  the  metal  be  prefled 
by  heavy  weights^  then  a  remarkably  fmall  fhock 
is  often  capable,  not  only  of  fhaking  off  the  weights, 
but  alio  of  breaking  fuch  thick  glaflfes  as  otherwife 
wouU  require  the  force  of  a  large  battery.   A  thick 
piece  of  glafs  may  likewife  be  broken  into  innu« 
merable  fragments,  by  only  fending  a  ihock  over  a 
fmall  part  of  its  furface,  when  that  part  is  preffed 
by  weights,  without  the  interpofition  of  any  metal. 
When  fuch  pieces  of  glafs  are  not  broken  by  the 
explofiofi,  they  then  will  frcquendy  be  found  mark- 
ed with  the  mod  lively  prifmatic  colours,  which 
lie  fometimes  confuled,  and  at  other  times  in  their 
pri&natic  order.     The  coloured  fpot  is  eyideritly 
owing  to  thin  plates  or  fcales,   partly  feparated 
from  the  glafs ;  and  it  generally  occupies  a  I'pace 
tf  about  one  inch  in  length,  and  half  an  inch  in 
breadth. 

The  force  which  is  required  to  melt  wires  of  the 

^AOie  metal,  mud  be  greater  or  lefs,  according  to  the 

kngth  and  thicknefs  of  the  wire  \  but  it  is  far  from 

o^l  bearing  any  direft  proportion  to  the  quantity  of  me- 

tf  I  ^1  fer  if  a  wire,  of  a  certain  length  and  diameter  be 

^*H^  melted  by  a  large  battery,  a  wire  of  equal 

B  F  length 
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ki)g(h  and  twic«  the  fubfttsce  cannot  perhaps  be 
mc Iced  by  iefs  than  ten  fuch  batteries. 

When  a  nnodcrate  fhock  (oieaning  &  fhook  that 
is  not  fufficient  to  noielt  the  nneulfic  circuit)  is  fent 
through  an  itnperfcA  metal>  efpeciaUy  when  the 
circuit  confifts  of  feveral  pieces,  as  a  chain  s  a  black 
6v&i  in  the  form  of  (moko,  will  proceed  fixun  that 
metalt  which  is  a  metalHc  oxide.  If  iuch  circuit  be 
laid  upon  paper>  glafsj  or  other  non-conduAor,  this^ 
after  the  expk>&on;  will  be  found  ftdned  with  indeli- 
ble marks,  and  often  (hews  evident  (i^ns  of  having 
been  burnt.  A  long  and  permanent  track  may  be 
marked  upon  gla(st  and  upon  feveral  other  bodies> 
efpecially  upon  certain  painted  furfaces,  by  pafliog 
an  elcftric  (hock  over  their  furfaccs*. 

A  (hock  fent  through  feveral  metallic  oxides, 
when  thefe  form  part  of  the  circuit,  frequently  re- 
duces them  into  the  metallic  ftatc. 

A  fufficicntly  ftrong  (hock  fent  through  a  mag- 
net has  fometimes  dcftroyed  its  virtue,  and  at  other 
times  has  invigorated  it,  or  even  rever(ed  its  poles. 
The  following  particulars  will  (liew  the  circum- 
(tances  that  are  likely  to  produce  fuch  effefts.  When 
the  charge  of  eight  feet  of  coated  glafs  furface,  or 
even  Iefs,  is  fent  through  a  fine  fewing-ncedlc,  the 
needle  will  thereby  often  acquire  a  magnetic  polarity. 


♦  See  my  Trcatife  on  Elcflricity,  4th  edition,  vol.  II. 
page  59. 


Of  the  Ltfiin  Pbiat.  ^71 

fo  a$  to  traverle  when  laid  gently  upon  water*'  If 
the  needle  be  ftruckj  laying  eaft  and  weftj  then  that 
end  of  it  which  is  entered  by  the  Ihock^  viz*  that 
which  communicates  with  the  pofittve  fide  of  the 
battery,  or  jar»  will ,  afterwards  point  north ;  but  if 
the  needle  be  ftnick  bying  north  and  fouth,  then 
that  end  of  it  which  ftands  towards  the  north  will^ 
in  any  cafe,  point  north,  and  the  needle  will  acquire 
a  ftfonger  virtue  in  this  than  in  the  former  cafe ; 
smd  lafUy,  if  the  needle  be  fet  flraight  up,  and  the 
eleAric  fhock.  enters  it  at  either  point ;  then  the 
lower  extremity  of  the  needle  will  acquire  the  pro« 
perty  of  pointing  north  *.  This  however  cannot 
take  place  in  all  parts  of  the  world,  for  a  reafon 
which  will  appear  in  the  next  .fe(^ion. 

A  fmall  fhock  is  fufficicnt  to  inflame  feveral  in- 
flammable  fubftances  ;  and  inflammable  fpirits  may 
be  fixed  even  by  a  fpark  proceeding  from  an  elec* 
trified  condudor. 

If  die  moderate  charge  of  a  large  battery  be  dif- 
charged  between  two  fmooth  forfaces  of  metallic 
bodies,  laying  at  a  fmall  diflance  from  each  other; 
or  if  the  explofion  of  a  battery,  ifTuing  from  a  point- 
ed body,  as  the  point  of  a  needle,  be  repeatedly 
taken  upon  the  fmooth  and  plain  furface  of  a  me- 
tallic body,  fituated  at  a  little  diftance  from  the 
point  i  in  either  cafe  the  metallic  furface  or  fur&ces 


*  See  Franklin's  Letters,  p.  90,  and  Bcccaria's  Art, 

Elec  ^.  Til  to  734. 
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will  be  found  marked  widi  cirdcs  of  partly  fcalcd  or 
fqfed  metal  rotind  a  central  fppt,  and,  efpecially  in 
the  latter  cafe,  they  will  frcqucndy  exhibit  all  the 
prifmatic  colours  ♦. 

•  When  thedifchargeof  abattery  is  made  by  bringing 
the  condu&ors  which  proceed  from  the  coatings  of  a 
battery,  in  contadi:  with,  or  at  a  litde  diftance  from, 
the  furface  of  certain  conducing  fubftances,  as  water, 
raw  meat,  moid  wood,  &c.  the  eledtricityj  inilead 
of  goipg  through  thofe  fubftance?,  will  go  over  their 
fur&ce  in  a  luminous  track ;  fometimes  preferring  a 
much  longer  pafTage  over  the  fur&ce  to  a  (hort  one 
through  the  fubilance.  In  this  cafe  the  explofiun 
never  fails  to  give  a  concuflion  to  the  body  over 
which  it  paffcs. 

The  cleftric  explofions  taken  upon  the  leaves  of 
delicate  flowers  frequently  change  their  colours f. 

The  colour  of  the  eleftric  fpark,  when  taken  in 
hydrogen  or  in  ammoniac  gas,  is  purple;  in  carbonic 
acid  gas  it  appears  white. 

The  eleftric  fpark  taken  repeatedly  in  common 
air,  diminilhes  a  litde  its  purity.  In  other  perma- 
nently elaftic  fluids  fometimes  it  increafes,  and  in 
others  it  diminiflies,  their  bulk,  and  alcers  their  qua* 
liry  in  a  certain  degree  ;};. 

*■  For  farther  particulars  concerning  thofe  circles,  fee  the 
Phil.  Tranf.  vol.  58. 

+  Prieftley's  Hirtory  of  Eleft.  P.  VII. 

X  See  Dr.  Prieftley's  fecond  vol.  of  Obfcrvations  on  dif- 
ferent kinds  of  air ;  and  Dr.  van  Marum's  Account  of 
Experiments  with  the  Teylerian  £Iqc.  Machine  at  Harlem* 

By 


Of  the  Leydm  Pbial.  37  j. 

By  making  die  deftric  difcharge  a  great  many 
times  in  a  mixture  of  oxygen  and  common  air,  or 
of  oxygen  air  and  azotic  gas,  the  nitrous  acid  is  pro- 
duced *. 

According  to  the  theory,  the  eleftric  fluid  which 
is  communicated  to  one  fide,  of  the  glafs  drives 
away  the  cleftric  fluid  from  the  other  fide,  or  the 
ele&ricity  of  one  fide  induces  a  contrary  eledtricicy 
on  the  oppoGte  fide ;  but  it  is  impofTible  to  fay  how 
this  virtue  or  this  repulfion  can  operate  through  the 
^(s,  which  is  impervious  to'  the  eleAric  fluid ; 
much  left,  do  we  know  where  the  fuperinduced 
deSkxic  fluid  refides. — Is  it  lodged  in  the  '  fur-^ 
bee  of  the  glafs,  or  in  the  air  contiguous  to  the 
glais  ?  In  the  firft  cafe,  if  the  additional  eleftric 
fluid  penetrates  a  certain  way  into  the  fubfliance  of 
the  ^afs,  it  follows,  that  a  plate  may  be  given  fo 
chin  as  CO  be  permeable  to  the  eleftric  fluid,  and  of 
courle  incapable  of  a  charge ;  yet  glafs  balls  blown 
exceedingly  thin,  viz.  about  the  600th  part  of  an 
inch  chick,  when  coated,  &c.  were  found  capable  or 
holding  a  charge  f- 

Mr.  Canton  charged  fome  thin  glafs  balls  about 
1 4  inch'in  diameter,  having  necks  or  tubes  of  about 

*  See  Mr.  Cavendifh's  Experiments,  which  produced 
this  remarkable  difcovery,  in  the  75th  aad  78th  volumes  of 
the  Philofophical  Tranfactions.  See  alfo  the  Phil.  TranC 
fiar  1800,  p.  190,  and  202. 

t  The  charging  of  a  jar  does  by  no  means  difplace  the 
air  from  its  infide;  neither  does  the  charge  heat  or  cool  it. 

B  B   3  -^ 
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nine  inches  in  length,  knd  afterwards  fealed  the  ehds 
of  the  tubes  hermetically.     If  thofc  balls  were  pre- 
fen  ted  to  an  cleftrometer,  they  (hewed  no  Cgn  of 
eleAricity ;  but  if  they  were  warmed,  by  being  kept 
a  Ihort  time  before  the  fire,  then  they  appeared  to 
be  ftrongly  eleftrical,  and  appeared  pofleflcd  of  that 
eleftricity  which  had  been  communicated  to  their 
inlide  ;  which  (hews  that  heat  renders  the  glais  per- 
meable to  the  electric  fluid.     This  elefbricity  is  not 
that  which  prof^rly  conftitutes  the  charge,  but  is  the 
fuperfiuous  eleftricity  of  their  infide  ^  for  an  dec* 
trie  jar  may  always  retain  a  licde  nK>re  electricity 
on  one  fide,  than  wliat  is  juft  fufficient  to  counterad 
the  electricity  of  the  oppofite  fide.    If  a  charged 
jar  be  infulated,  and  then  be  difcharged  by  con* 
nesting  its  coatings  with  an  infulated  difcharging 
rod,  after  the  difcharge,  both  thefides  of  the  glafs 
together  with  the  difcharging  rod,  will  be  found 
(lightly  poflTcflTed  of  the  cleftricity  contrary  to  that 
of  that  ftde  of  the  jar  which  was  touched  lad. 

Some  very  remarkable  phenomena,  the  cau(e  of 
which  is  far  from  being  clearly  underftood,  arc  ex«. 
hibited  by  flat  glafs  plates,  jointly  charged  like  a 
(ingle  plate.  If  two  flat  glafs  plates  be  placed  one 
upon  the  other,  and  their  outward  furfaces  be  coated 
with  tin-foil,  in  the  ufual  manner  of  coating  a  finglc 
plate  for  the  Leyden  experiment  5  and  if  thefe  be 
charged  by  prefcnting  one  coating  to  an  electrified 
body,  and  communicating  the  other  with  the  earth  5 
the  plates  (which  we  (hall  call  A  and  3)  after  the 
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charge  will  adhere  firmly  to  each  other;  but  if  fepa- 

ratcdy  A,  whofc  coating  was  charged  poHcively,  will 

appear  pofitive  on  both  fides^  and  B  negative  on 

both  fides.    If  thefe  plates  be  laid  one  upon  the 

other  as  before^  and  be  difcharged^  by  niaking  a 

communication  between  the  two  coated  fides ;  the]r 

will  afterwards  be  found  flill  to  adhere  to  each  other, 

and  if  ieparated>  they  will  ftill  appear  to  be  eledri- 

fied>  but  with  this  remarkable  differeqcej  viz.  that  A 

is  native  on  both  fides,  and  B  pofitive  on  both 

fides.   I^  after  the  difchargej  the  reparation  be  made 

in  the  dark,  flafiies  of  light  wiU  be  perceived  be^ 

tween  their  internal  fiirfaces.    By  laying  the  plates 

sogether,  touching  their  coatings,  and  leparating 

chem  fucceffively,  the  flafiies  may  be  obferved  for  a 

confiderable  number  of  times, '  diminifiiing  by  de-» 

grees  until  they  vanifii. 

But  thofe  efFefts  are  not  confl:arTtly  the  fame  with 
aH  (ores  of  glafs.  Crown  glafs  and  common  plate 
g^ls  exhibit  the  above-mentioned  phenomena;  but 
it  was  obferved  by  Mr.  Henly,  that  Dutch  glafs 
plates,  when  treated  in  the*fame  manner,  have  each 
a  pofitive  and  a  negative  fide.  He  alfo  obferved 
ibme  other  irregularities.  Beccaria  endeavoured 
ID  account  for  thofe  and  fimilar  phenomena  by  fup- 
pofing  that  when  two  bodies,  either  a  conduftor 
and  an  eledlric,  or  two  contrarily  and  ecjually  elec- 
trified eleftrics,  are  put  one  upon  the  other,  they  ad- 
here to  each  other,  and  their  ^l^^ricities  difappear, 
becaufe  the  two  oppofite  <u:a£t  cagh 


<■; 
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other ;  but  as  foon  as  they  are  feparated,  the  elcc« 
tries  fticw  a  power  or  a  tendency  to  recover  their 
eledtricities.  ~  This  is  what  he  called  vindicating 
(USricity  *. 

We  (hall  laftly  obferve,  with  refped:  to  commu* 
nicated  eleftricityj  that  the  application  of  it  either  as 
fimple  eleftrization^  or  in  the  form  of  fparks  and 
ihocks  to  the  human  body,  has  been  found  un- 
queftionably  fgrviceable  in  various  diforders,  (bme 
of  which  had  redded  every  other  medical  applica-  _ 
tion.  But  it  muft  at  the  fame  time  be  confefled 
that  this  application  is  not  frequently  fuccefsful  to 
any  remarkable  degree. 

Without  entering  inco  any  particular  difcuflioD 
refpefting  its  power,  or  the  particular  effefts  which, 
are  attributed  to  it  in  particular  diforders,  I  (ball  in^ 
general  obferve,  that  the  application  of  cledricity 
has  moftly  proved  beneficial  in  recent  cafes  of  ob- 
ftruftion,  whether  of  motion,  of  circulation,  or  of 
fecretion ;  and  that  a  gentle  application  has,  upon 
the  whole,  proved  more  advantageous  than  ftrong 
fhocks. 

Thetnoft  general  praftice  is  to  infulate  the  pa- 
tient, to  place  him  in  contaft  with  the  electrified 
conduftor,  in  the  manner  which  will  be  (hewn 
hereafter,  and  then  either  to  prefcnt  a  pointed  body 

•  For  farther  particulirs  relative  to  this  vindicating  elec- 
tricity fee  Beccaria's  Art.  Elec.^  Part  11.  Sec,  VI.  or  my 
Treatife  on  £lec.  4th  edition,  vol.  II«  Appendix  N^  I. 

towards 
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towards  the  part  afFedted,  (which  produces  rather 
ao  agreeable  fenfacion^  and  is  called  gtving  the  eUc- 
trical  aura)  ;  or  to  draw  fparks  from  the  part^  or  at 
mod  to  pa(s  very  flight  Ihocks  through  it* 

The  novice  in  this  branch  of  natural  philofbphy 
can  hardly  underftand  the  meaning  of  feveral  fadis 
chat  are  mentioned  in  this  and  the  preceding  chapters 
of  this  feftion.  They  have  been  put  together  for 
the  fake  of  reference^  and  in  order  that  the  leading 
principles  of  the  theory  might  be  feen  under  one 
point  of  view ;  but  the  experiments  which  will  be 
defcribed  in  the  fequel  will  probably  remove  every 
difficulty. 


\  t 
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CHAPTER    V. 


DBSCHIPTION   OF  THt  ELECTRICAL    APPARATUS. 


TH  E  elcdrical  apparatus  confifts 
ncccflary  cither  for  producing  cleftricitjr^  or 
for  accumulating,  rcuining,  and  employing  it  $  or 
laftly,  for  meafuring  its  quantity  and  afceruuning  its 
quality. 

The  principal  infirument  for  the  produdion  of 
cleftricity  is  a  machine  capable,  by  any  means,  Xif 
exciting  an  elcdric,  fo  as  to  produce  cleftrical  ap- 
pearances. The  moft  effential  parts  of  this  machine 
are  the  cleftric,  the  moving  engine,  the  rubber, 
4nd  the  prime  conduftor,  viz.  an  infulated  conduc- 
tor, which  immediately  receives  the  eleftricity  fronr 
the  excited  eleftric. 

The  cleftric  was  formerly  ufed  of  various  ful 
ftances  and  various  (hapes.  At  prefent  glafs  glob< 
or  glafs  cylinders,  or  circular  glafs  plates,  are  alm« 
all  the  variety  that  is  ufed,  and  which  indeed  arc  f 
moft  advantageous.     The  moft  ufual  fize  for 
globes  is  from  9  to  12  inches  in  diameter;  and  t 
are  moftly  made  with  one  neck.     The  cylinders 
1  r 
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made  with  two  necks,  and  they  are  of  all  (izes,  even 
as  &r  as  24  inches*  in  diameter.  The  glafs  plates  are 
aUb  of  various  fizes.  The  glafs  generally  ufed  in 
this  country  for  fuch  purpofcs  is  the  beft  flint  glafe, 
and  the  articles  ihould  be  well  annailed. 

With  relpe£t  to  the  engine,  which  is  to  give  mo- 
tion to  the  eleftric,  multiplying  whtels  have  been 
generally  ufed,  which  might  move  the  eledric  with 
confiderable  velocity,  whilft  they  are  commodioufly 
turned  by  a  winch.  A  wheel  and  an  endlefs  fcrew 
has  alio  been  ufed,  but  this  is  apt  to  make  a  rattling 
noiie,  and  foon  wears  away.  But  either  a  cylinder 
or  a  circular  plate  may  be  moved  quite  quick  enough 
by  means  of  a  fimple  winch,  to  which  the  hand  is 
immediately  applied. 

The  rubber  is  the  next  article  which  muft  be  de- 
(bribed.  After  a  variety  of  trials  it  appears  that  the 
beft  rubbers  for  a  globe  or  a  cylinder  ^e  made  of 
leather  Huffed  with  hair,  and  a  pretty  long  piece  of 
fine  filk  is  fattened  to  one  fide  of  the  rubber,  and 
after  having  pafied  over  the  rubber,  viz.  between 
the  cu(hion  and  the  globe  or  cylinder,  fpreads  over 
mare  than  one  third  part  of  the  circumference  of  the 
latter.  For  a  plate  the  rubbers  moftly  confift  of  a 
piece  of  leather  with  a  piece  of  filk  at  its  ex« 
rremity,  or  of  cufliions,  &c. 

The  proper  conftrudtion  of  the  rubber  requires, 
that  the  fide  of  it  which  the  furface  of  the  glafs  en- 
ters in  whirling,  may  be  as  perfect  a  condudor  as 
poffiblcj  in  order  to  fupply  the  glafs  with  eleftric 

fluids 
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fluid)  and  tliat  its  other  (idc  be  as  much  a  non-coQ- 
dtiftor  as  poffible,  in  order  that  none  of  the  fluid 
*which  is  accumulated  upon  the  glafs  ma^  return  to 
the  rubber. 

The  rubber  fliould  be  fupported  by  a  fpring,  by 
which  means  it  may  eafily  fuit  the  inequality  of  the 
glafs,  and  the  fpring  fhould  be  fixed  faft  upon  a 
ghfs  pillar  or  other  infulating  (land ;  it  being  ufeful 
to  have  the  rubber  infulatcd  in  feveral  experiments  j 
but  when  its  infulation  is  not  required,  a  chain  or 
wire  is  ealily  fuipended  to  it,  and  thus  it  may  be 
made  to  communicate  with  the  earth,  or  with  any 
other  body  at  pleafure. 

The  prime  conduElor  is  nothing  more  than  an  in- 
fulated  condudor  which  is  fituated  with  one  of  its 
extremities  contiguous,  but  not  quite  in  contadt, 
with  the  clcftric,  and  nearly  oppofite  to  the  rubber. 
This  conduftor  may  be  made  of  hollow  brafs,  or  of 
tin  plates,  or  of  pafteboard  covered  with  tin-foil,  or 
of  wood  covered  with  tin-foil,  &c.  Its  (hapc  is  ge- 
nerally cylindrical  with  femi-globular  terminations. 
But  be  the  fhapc  what  it  may,  care  fhould  be  had  to 
make  it  as  free  as  po/Tible  from  points,  (harp  cor- 
ners, (harp  edges,  &c.  for  thefe  throw  off  and  difli- 
pate  the  eleftric  fluid  j  but  on  the  end  which  is  con- 
tiguous to  the  cleftric,  it  mull  have  a  (hort  pointed 
wire,  or  two,  or  more,  which  are  called  the  coUec- 
tor^  and  will  readily  receive  the  clcftricity. 

The  fize  of  the  condu6tor  fhould  be  propor- 
tionate to  the  fize  and  power  of  the  eleitric.     The 

larger 
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larger  the  prime  condu Aor  is^  the  denfer  and  longer 
iparks  may  be  drawn  from  it,  provided  the  elec- 
tric be  fufficiently  powerful.  But  beyond  a  certain 
fize»  the  diflipation  from  the  furface  may  be  greater 
than  What  th^  eledric  can  fupply,  and  in  that  cafe 
tiie  large  conductor  is  difadvantageous. 

'Upon  thofc  principles  eleftrical  machines  of  a 
vaft  variety  of  fhapes  arid  fizes  have  been  conftruft- 
cd  in  this  as  well  as  in  other  countries.  But  amongfl:' 
all  that  variety,  we  (hall  defcribe  two  only,  which, 
upon  the  whole,  arc  the  mod  commodious,  and  are 
more  generally  ufefuK 

Fig.  4.  Plate  XXIIL  reprcfents  an  eleftrical  ma- 
chine of  the  fimpleft  fort.  G  E  F  is  a  flrong  board,^ 
which  fupports  all  the  parts  of  this  macJhine,  and 
which  may  be  faftened  to  a  ftrong  table  by  means  of 
one  or  more  iron  or  brafs  clamps,  as  at  Qj^  The 
glafi  cylinder  AB,  quite  clean  and  dry  in  its  infide, 
is  about  10  inches  in  diameter,  and  is  fbrnifhed  with 
two  caps,  either  of  wood  or  brafs,  into  which  its  two 
ihbrt  necks  .ire'firmly  cemented  ♦.  Each  of  thofe 
caps  has  a  pin,  or  pcojeftion,  or  pivot,  which  tin-ns 
in  a  hole  through  a  wooden  piece,  that  is  cemented 
on  the  top  of  a  glafs  pillar,  as  at  A  and  B  on  the 
glafs  pillars  BE,  AG,  which  are  firmly  fixed  to 
thei>ottom  board  GEF.     One  of  the  above-men- 


T 
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•  The  beft  cement  for  this  purpofe  is  male  by  rriehin 
tnd  incorporating  together  5  parts  of  rofm,  4  of  bees- wax, 
and  2  parts  of  powdered  red  ochre. 

f^inncd 
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tioned  projedlons  pafles  quite  thro\%h  this  iftrooden 
piece>  as  at  A>  and  has  a  fquare  termination,  to  which 
the  winder  A  D  is  applied  and  fecured  on  by  means 
of  a  fcrew  nut.  Then  by  applying  the  hand  at  D,  die 
operator  may  turn  the  cylinder,  &c.  Sometimes 
the  part  AC  of  the  winder  is  made  of  glafs,  in  otder 
the  more  effeftually  to  prevent  the  efcape  of  the 
elcftric  fluid  from  the  cylinder.  I R  is  the  rubber, 
and  IRK  is  the  filken  flap^.  This  culhion  or 
.  rubber  is  fattened  to  a  fpring  which  proceeds  fixim 
a  ibcket  cemented  on  the  top  of  the  glafs  pillar  S. 
The  lower  part  of  this  pillar  is  fixed  into  a  fmall 
board  which  Aides  upon  the  bottom  board  of  the 
machine,  and  by  means  of  a  fcrew  nut  and  a  flit  at 
H,  may  be  fixed  more  or  lefs  forward,  in  order  that 
the  rubber  may  prefs  more  or  lefs  upon  the  cylin- 
der, NF  is  a  ghfs  pilfer  which  is  fixed  in  the  bot- 
tom board,  and  lupports  the  prime  conduftor  ML, 
of  hollow  bra -s  or  tin  plates,  which  has  the  coUeftor 
or  pointed  wires  at  L,  and  a  knobbed  wire  at  M. 
From  this  brafs  knob  O,  a  longer  fpark  may  be 
drawn  than  from  any  other  part  of  the  conductor* 
But  this  knobbed  wire  is  only  fcrewed  into  tjie  con- 
ductor, and  may  be  cafily  removed  from  it. 

As  glafs  is  ap;  to  attrad  moifture  from  the  air, 
in  which  cafe  it  conducts  the  elcftricity  over  its  fur- 
face  ;  therefore  it  is  proper  to  cover  with  fealing- 


•  The  filk  generally  ufcd  for  this  purpofc  is  what  is  com- 
monly called  black  modr* 

wax, 
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wax>  or  to  varnifli  ovcr>  the  glais  pillars  of  this  ma- 
chine^  as  al(b  all  thofc  g^ais  articles  which  ferve  for 
bfuladng  ;  for  when  varni(hcd,  and  efpecially  when 
covered  over  with  fealing-wax  in^the  dry  way,  they 
attraft  the  moifture,  either  not  all,  or  in  an  incom« 
parably  fmaller  degree,  and  of  courfe  they  infulate 
vaftly  better  *. 

The  fimple  rubber,  fuch  as  has  been  delcribed, 
will  produce  a  very  flight  excitation  of  the  cylinder ; 
but  its  power  is  vaftiy  increafcd  by  laying  upon  it  a 
lictk  amalgam  of  tin,  and  efpecially  an  amalgam 
of  zinc  f.    The  beft  way  of  uGng  this  emalgam  is 

as 

*  In  order  to  cover  glafs  with  fealing-wax  in  the  dry 
way,  warm  the  glafs  gradually  near  the  fire^  and  when  fiiffi- 
ciendy  warm,  rub  a  ftick  of  fealing-wax  gently  over  its  fur- 
face;  for  by  this  means  the  fealing-wax  is  melted, 'and  ad- 
heres to  the  glafs.  In  the  humid  way,  the  feating-wax  mud 
be.  difTolved  in  very  good  fpirit  of  wine,  for  which  purpofe 
you  need  only  break  the  fealing-wax  into  fmall  bits,  and  ' 
leave  it  in  the  fpirit  of  wine  for  a  day  or  two,  (baking  it  now 
and  then. —This  folution  mufl  be  laid  upon  the  dry  and 
dean  glaft,  by  means  of  an  hair  pencil,  and  when  the  firft 
coat  of  it  is  quite  dry,  then  a  fecond,  a  third,  and  even  a 
fourth  coat  fhould  be  laid  on.  ^ 

The  beft  varnifh  for  this  purpofe  is  the  amber  Varniib, 
^ich  indeed  anfwcrs  as  well  as  the  fealing-wax  in  the  dry 
way,  but  it  muft  be  made  with  great  care  and  caution.— See 
die  particular  defer! ption  of* the  procefs  in  my  Treatife  on 
EIe£hicity,  4th  edition,  vol.  III.  p.  296. 

t  The  amalgam  of  tin  is  made  with  two  parts  of  qutck- 

filver. 
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as  follows :  Firil  make  the  rubber  wich  the  filk  flap 
very  clean  and  dry,  and  f)ut  it  in  its  place,  as  ac  R 1 1 
then  fpread  a  little  of  the  amalgam  upon  a  piece  of 
leather,  and  apply  it  to  the  under  part  of  the  cylinder, 
vrhile  this  is  r^evolving  in  the  diredion  of  the  letters 
Oy'RjCi  for  by  this  means  particles  of  the  amalgam^ 
yvill  be  carried  by  the  glafs  itfelf  to  the  lower  part  of 
the  rubber,  and  will  increafe  the  excitation  prodigi- 
oufly.    The  leather  with  the  amalgam  needs  not  be 
kept  againlt:  the  cylinder  longer  than  it  may  be  re- 
quired to  produce  the  defired  eflfeft ;  for  when  the 
excitation  decreafes,    the  leather  may  be  applied 
again. 

Tiie  (impleft  con(lru6tion  of  the  plate  machine  is 
reprefchtcd  by  fig.  5,  Plate  XXII I.  which  requires 
vtry  licde  explanation.  ABC  DM  is  a  wooden 
tramc,  to  which  the  four  rubbers  are  affixed,  which 

• 

filver,  and  one  of  lin-foil,  with  a  fmall  quantity  of  pow- 
dered chalk,  mixed  together  until  it  becomes  a  mafs  Jike 
pafte. 

To  make  the  amalgam  of  zinc,  let  four  or  five  parts  of 
quickfilver  be  heated  higher  than  the  degree  of  boiling  water, 
and  let  one  part  of  zinc  be  melted  in  a  crucible  or  in  an  iron 
ladle.  Pour  the  heated  quicklilvcr  into  a  wooden  box,  and 
immediately  after  pour  the  nr.clted  zinc  into  it.  Then  (hut 
up  the  box,  and  (hake  it  for  about  half  a  minute.  After  this 
you  muft  wait  until  the  amalgam  is  quite  cold,  or  nearly  (o^ 
and  then  you  may  mix  it,  by  trituration,  with  a  fmall  <{uan- 
i\xy  of  greafc,  fuv  h  as  tailow  or  mutton-fuet,  a  very  fmall 
portion  of  finely  poudcred  'A'hitening,  and  about  a  fourth  part 
of  the  above  amaj'^uni  uf  tin. 

by 
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by  means  of  the  fcrews  gig^gtg%  may  b?  made  to 
bear  with  proper  preflfure  upon  the  circular  glals, 
plate  HK*.  This  plate  has  a  hole  through  its 
middle^  to  which  an  axis  M  L  is  firmly  fixed^  in 
the  aianner  indicated  by  the  magnified  fide  view^ 
fig.  6>  and  is  turned  by  means  of  the  winch  L  G. 
The  prime  condufbor  has  a  branched  termination 
with  points  at  the  extremities^  which  coUeft  the 
ckftric  fluid,  from  the  fore  part  of  the  glafs  plate. 

Some  plate  machines  have  been  made  with  two 
glais  plates  and  eight  rubbers,  and  when  properly 
conftrudedj  efpecially  as  they  are  made  by  Mr. 
Cuthbertfon,  their  power  is  very  great.  Indeed' the 
mofl:  powerful  eleftrical  machine  now  extant  is,  as 
£ur  as  I  know,  one  of  this  conftruftion  m^de  by  the 
above-nientioned  philofophical  inftrument  maker» 
for  the  mufeum  of  Teyler,  at  Harlem ;  a  particular 
defcription  of  which  was  given  to  the,  public  by  Dr« 
Van  Marum  f. 

This  machine  confifts  of  two  circular  plates,  each 
65  inches  in  diameter,  fixed  on  a  common  axis, 
parallel  to  each  other,  and  7  i  inches  afunder.  Each 
plate  is  excited  by  4  rubbers  i  the  prime  conduftor 


•  The  rubbers  generally  confifl  of  oblong  culhions  that 
are  frequently  affixed  to  fprings;  butfoinetiaies  they  are. only 
pieces  of  leather  fpread  upon  wood,  to  which  fillcen  Aaps  are 
affixed,  &c. 

t  See  a  compendious  defcription  of  its  efFe£ls  in  my 
l^reatife  on  £Ie£lricity,  4th  edition,  vol.  II.  p.  273. 

VO;..   HI.  C  G  is 
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is  divided  into  two  branches, .  which  enter  between 
the  plates,  and,  by  means  of  points,  colled):  the  elec- 
tric fluid  from  dicjr  inner  fur&ces  only.  • 

The  plate  machines  may  in  general  be  made  more 
compad  and  more  powerful  than  other  ele&ricil 
machines,  but  they  are  liable  to  a  confiderable  de- 
gree of  friftion,  and  of  courfe  they  are  not  cafily 
worked. 

in  the  plate  machines  the  rubbers  are  not  eafily 
infulated,  yet  this  has  been  accomplifhed  by  various, 
rather  complicated,  means  \ 

Befides  the  eleArical  machine,  the  operator  ought 
to  hare  fome  ghfs  tubes,  and  one  or  two  pretty 
large  fticks  of  fcaling  wax,  which  are  ofgreat  iifein 
a  variety  of  experiments.— The  beft  rubber  for  the 
excitation  of  a  glafs  tube  is  the  rough  fide  of  black 
oiled  filk,  efpecially  when  a  lltdc  amalgam  has 
been  rubbed  over  it;  but  foft  new  flannel  is  the  bcft 
rubber  for  fealing-wax,  fulphur,  rough  glafs,  or 
baked  wood  ;  every  one  of  which  fubftances,  when 
rubbed  with  flannel,  will  acquire  the  negative  elec- 
tricity. 

The  inftruments  ncceflary  for  the  accumulation 
of  cleftricity,  are  coated  eleftrics,  amongft  which 
glafs  has  juftly  obtained  the  principal  place.     The 


•  See  the  dcfcriptions  of  thofe  machines  in  letters  from 
Dr.  Van  Marum  to  the  Chevalier  M.  Landriani,  and  to 
Dr.  Ingenhoufz ;  both  printed  at  Harlem  in  the  years  1789 
and  1791. 

form 
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form  is  immaterial ;  but  the  thicknefs  and  the  qua- 
lity of  the  glafs  fhould  be  noticed*  Thin  glafs  caa 
receive  a  greater  charge  j  but  it  is  at  the  fame 'time 
more  liable  to  be  broken  by  the  difcharge.  A 
fing^e  jar  may  be  pretty ^hin,  but  fuch  jars  as  are 
to  form  a  large  battery  muft  be  a  little  thicker. 
When  their  openings  are  narrow,  thofe  jars  may 
be  coated  on  the  infide  with  brafs  filings,  which  arc 
ftadc  bjTmeans  of  gum-water,  or  pafte,  or  melted 
wax  J  but  when  their  openings  are  fufHciently  large, 
they  may  be  coated  on  their  infide  as  well  as  on  the 
outfide  with  tin-foil,  or  Ihect  lead,  or  gilt  paper, 
either  of  which  may  be  ftuck  with  pafte,  or  varnifh, 
or  gum-water,  &c. 

'Fig,  7.  Plate  XXII r.  reprefents  an  eleftric  jar, 
coated  with  tin-foil  on  the  infide  and  outfide,  with- 
in  aboat  three  inches  of  the  top  of  its  cylindrical 
part  i  and  having  a  wire  with  a  round  brafs  knob, 
or  bdl  A,  at  its  extremity.  This  wire  pafles  through 
die  cork  or  wooden  ftopple  D,  and  its  lower  extre- 
ntity  touches  the  infide  coating. 

Fig.  8,  Plate  XXIIl.  reprefents  a  battery  con- 
lifting  of  16  jars,  coated  with  tin-foil,  and  difpofed 
in  a  proper  box.*  The  wires,  which  proceed  from 
the  infide  pf  every  four  of  thofe  jars,  are  fere  wed,  or 
ibldered  or  fattened  to  a  common  horizontal  wire  E, 
which  is  knobbed  at  each  extremity,  and  by  means 
of  the  wires  F,  F,  F,  the  infide  coatings  of  8,  or  i  j, 
or* all  the  16  jars  nwy  be  conneflcd  together. 

c  c  2  The 
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The  inlidc  of  the  box  which  contains  thofe  jarSy 
is  likewife  lined  with  tin*foil*or  tin-plates>  for  the 
purpofq  of  conneding  more  efix^dually  the  outfide 
coadngs  of  all  the  jars.  On  one  fide  of  this  box 
there  is  a  hole>  through  which  a  ftrong  wire  or  hook 
pafTes,  which  communicates  with  the  lining  ,of  the 
boxj  and  of  courfe  with  the  outfide  coatings  of  the 
jars.  To  this  hook  a  wire  is  occafionally  failened, 
which  conne6ts  it  with  one  branch  of  the  difchaig- 
ingrodBBCA. 

The  difcharging  rod  confifts  of  the  glafs  handle 
A>  cemented  into  the  brafs  focket  €«  and  the 
curved  wires  B>Bj  which  may  be  opened  and  fluit, 
like  a  pair  of  compafles,-  by  a  joint  at  C.  The  ex- 
tremities of  thofe  wires  are  pointed,  and  the  points 
enter  the  brafs  knobs  D,  D,  to  which  they  arc 
fcrewed,  and  from  which  they  may  be  unfcrewcd 
at  pleafure.  With  this  conftrnftion  we  may  ufc 
cither  the  points  or  the  balls,  and  the  inftrument 
may  be  ufed  for  difcharging  jars  of  various  fizes. 

Fig.  9,  Plate  XXIII.  reprefcnts  Henley's  Uni- 
verfal  Difcharger,  which  is  a  very  ufeful  inftrument 
in  a  great  variety  of  experiments.  A  is  a  flat  board 
or  pcdcftal  about  1 5  inches  long,  4  broad,  and  i 
thick.  B,  B,  are  two  glafs  pillars,  fixed  faft  into 
the  board  A,  and  furnifhcd  at  top  with  brafs  caps, 
each  of  which  has  a  vertical  joint,  and  fupports  a 
fpring-tube,  through  which  the  wire  DC  Aides. 
Each  of  thofe  caps  confiits  of  three  pieces  fo  con- 

nefted 
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nefted  as  chat  the  wire  DC,  beddes  its  Aiding 
through  the  rpring-focket,  has  two  other  motions^ 
viz.  an  horizontal  and  a  vertical  one.  Each  of  the 
wires  D  C^  DC  >  is  turned  into  a  ring  at  one  end, 
and  at  the  other  end  has  a  brafs  ball  D,  which^  by 
means  of  a  (hort  (pring  focket,  is  dipt  upon  its. 
pointed  extremity,  and  may  be  removed  from  it  at 
pkafure.  £  is  a  ftrong  piece  of  wood,  or  tablet, 
about  5  inches  in  diameter,  having  on  its  fur&ce  a 
flip  of  ivory  inlaid>  and  is  furnifhed  with  a  ftrong 
cylindrical  foot  that  fit^  the  cavity  of  the  focket  F, 
which  is  fkftened  into  the  bottom  board  A,  and  has 
a  fcrew  G^  whicii  ferves  to  detain  the  foot  of  the 
circular  tablet  £  at  any  required  height.  H  is  a 
(inall  prefs  which  belongs  to  this  inftrument.  It 
confifts  of  two  oblong  pieces  of  board,  which  may 
be  prefled  againft  each  other^  or  againft  any  thing 
that  may  be  interpofed,  by  means  of  the  fcrews  ai)d 
nuts  tf,  a.  The  lower  of  thofe  boards  has  a  cylin- 
drical foot  equal  to  th^t  of  the  board  £.  When 
this  prefs  is  to  be  ufed,  it  is  fixed  into  the  focket  F, 
in- the  place  of  the  circular  board  E,  which  muft,  in 
that  cafe,  be  removed. 

The  inftruments  which  either  manifeft  the  pre- 
(ence,  or  manifeft  the  prefence  and  the  quality,  or 
meafure  the  quantity  of  eleftricity,  are  called  elec- 
tttmuters  or  eleilrcfcopes  \  and  they  have  been  made  of 
a  great  variety  of  fhapes,  from  which,  as  alfo  fi-om 
^eir  ufes,  they  have  derived  peculiar  appellations. 

A  fimple  thread,  or  a  feather,  or  other  light  body, 

c  c  3  fimply 
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fimply  fufpended  by  a  fine  thread9  may  be  ufcd  for 
exploring  whether  a  body  be  eieftrified  or  not  \  for 
if  the  body  be  eledlrified,  and  be  brought  near  itj 
the  thready  or  other  light  bodyi  will  be  attra&ed 
by  It. 

Th^  fimplcft  eleArometcr  for  afcertaining  the 
quality  as  well  as  the  prefence  of  eledtricity,  hay 
been  already  defcribed  \  it  is  rc^refented  at  Bg.  Ot 
and3>  Plate  XXIIL  and  is  called^  firooi  its  inven- 
tor,  Canton's  EleSfrometer. 

Fig.  lo,  Plate  XXIIL  rcprcfents  Henliy^s  ^4- 
drant  Electrometer ,  Bxed  upon  a  fmall  circular  ftandj 
from  which  it  may  be  occafionally  feparated,  and 
may  be  fixed  upon  the  prime  conduftor,  or  dfe- 
where.  This  eleftrometer  indicates  the  quantity, 
or  rather  the  condenfacion,  of  electricity.  It  con- 
fifts  of  a  perpendicular  ftem  of  box  wood,  with  a 
globular  termination  at  top,  and  having  a  brafs  fer- 
rule at  its  lower  extremity,  by  which  it  may  be 
fixed  upon  the  prime  conduftor,  or  upon  the  elec- 
trical battery,  &c.  To  the  upper  part  of  tlic  ftem 
a  graduated  ivory  femiclrcle  is  fixed,  about  the 
middle  of  which  is  a  brafs  arm,  which  contains  a 
pin  or  axis  of  the  index.  The  index  confifts  of  a 
very  flender  (tick  of  box  wood,  which  reaches  from 
the  centre  of  the  graduated  femicircle  to  the  brals 
ferrule,  and  his  a  fmall  cork  ball  fattened  to  its 
lower  extremity.  When  this  eleftrometer  is  not 
cledrified,  the  index  hangs  parallel  to  the  pillar, 
and  its  cork  ball  touches  the  brafs  ferrule,  as  in 
6  fig- 
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fig.  10;  but  when  eleftrified,  the  index  is  repelled 
by,  or  recedes  from,  the  ftem  more  or  lefs,  accord- 
ing to  the  intenfity  of  the  eleftricity  \  and  the  gra- 
duation on  the  ivory  femicircle  Ihews  the  force  or 
the  ekvauon  of  the  index,  as  at  P  in  fig.  5. 

A  vaft  number  of  alterations  have  been  made  to 
diis  ekarometcr,  viz.  the  index  has  been  enclofcd 
between  two  ivory  femicircles ;  the  whole  has  been 
made  of  brafs,  with  multiplying  wheels,  and  a  coun* 
terpoife  has  been  put  to  the  index,  in  order  to  render 
a  finall  forceof  eleftricity  more  perceptible,  &c. 
but,  after  all,  the  fimple  original  conilruAion,  as 
described  above,  fccms  preferable. 

The  principle  of  Lane's  Difcharging  Eleftrome- 
tefj  as  is  now  commonly  ufed,  efpecially  by  the 
praftitioners  of  medical  eledtricity,  is  (hewn  in 
f%.  13,  Plate  XXI  I.I.  It  confifts  of  a  glafs  arm  D, 
which  proceeds  from  a  focket  on  the  wire  of  the 
cleArical  jar  F,  and  to  the  top  of  which  a  bra's 
fpring-focket  £  is  cemented  ;  through  this  focket 
a  bnUs  wire,  with  the  ball  B  at  one  end  and  the 
ring  G  at  the  other,  may  be  did  backwards  and  for- 
wards. The  wire  B  C  is  generally  marked  with 
divifions  of  inches  and  tenths.  When  the  jar  F  is 
fct  in  contaft  with  the  prime  condudtor,  as  repre- 
fcnted  in  the  figure,  and  the  ball  B  is  fet  at  the 
diftance,  for  inftance,  of  one-tenth  of  an  inch  from 
the  ball  A,  let  a  wire  C  K  be  fixed  between  the 
ring  C  of  the  cleftrometer,  and  the  outfide  coating 
of  the  jar  \  then,  when  the  eleftrical  machine  is  in 

c  c  4  a£tion^ 
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aftion,  the  jar  F  cannot  be  charged  beyond  a  ccN 
tain  point;  for  when  the  charge  is  ftrong  enough 
to  leap  from  the  ball  A  to  the  ball  B>  the  difchai^ge 
will  take  place,  and  the  (hock  will  pafs  through  the 
wire  C  K,  or  through  a  human  body,  or  through 
any  other  conducing  body  that  is  placed,  inftead  of 
the  wire  C  K,  to  form  the  commwnicarion.  Thus 
by  fituating  the  ball  B  farther  from  the  ball  A, 
ftronger  fhocks  may  be  given,  as  far  as  the  fame  jar 
IS  capable  of. 

This  eleftromctcr  has  likewife  undei^ne  a  great 
many  ^alterations.  An  improvement  of  it,  and  a 
combination  of  this  and  other  eleftromcters  was 
made  by  Mr,  Cuthbertfon  ♦. 

In  performing  feveral  atmofpherico-eleftrical  ex- 
periments about  the  year  1776, 1  found  that  the  ufc 
of  Canton's  cork-ball  electrometer  was  much  ob- 
ftru6led  by  the  wind,  in  confcquence  of  which  I 
attempted  to  enclofe  it  in  a  bottle,  and  after  a  va- 
riety of  trials  and  alterations  the  inftrument  was  in 
the  year  1777  brought  to  the  (late  which  is  repre- 
fented  in  fig.  11,  Plate  XXIII.  which  is  about  the 
half  of  the  original  fize ;  but  the  (hapc  as  well  as  the 
fizc  of  it  has  been  frequently  altered  by  the  philofo- 
phical  inftrument  makers.  The  three  parts  of  the 
figure  reprefent  the  inftrument  in  its  caie,  the  fame 


•  Sre  a  dcfcription  of  it  in  Nicholfon's  Journal'  of  Nat. 
Piiil.  &c.  vol.  II.  p.  528. 
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out  of  the  calcj  and  a  fedtion  of  its  brafs  cap  and 
neck. 

C  D  M  N  is  an  open  glafs  vefllel  narrower  at  fx)p 
than  at  bottom,  and  cemented  into  the  wooden 
piece  A  B ,  by  which  part  the  inftrument  is  held 
when  it  is  to  be  prefcnted  to  the  atmofphere,  or 
it  may  be  refted  upon  a  table  for  other  experiments. 
This  wooden  piece  alfo  ferves  to  fcrew  the  inftru- 
ment  into  its  wooden  cafe  O.  The  upper  part  of 
CDMN  is  tapering' like  the  neck  of  a  phi^l^  and 
a  fhort  glafs  tube  is  cemented  into  it»  (b  as  to  pro- 
jeffc  a  little  above  and  a  litde  within  the  neck  of  the 
forme)*.  Then  the  upper  part  of  the  inftrument, 
from  CD  to  L,  is  covered  with  fealing-wax,  by 
means  of  heat,  which  gives  it  the  appearance  of  one 
continuate  body.  The  inner  part  G  of  the  fmall 
glais  tube  is  alfo  covered  with  fcaling*wax.  Into 
this  tube  a  brafs  wire  is  cemented,  the  lower  part 
H  of  which  is  flattened,  and  is  perforated  with  two 
holes;  the  upper  part  L  is  formed  into  a  fcrew, 
upon  whith  the  brafs  cap  E  F  is  fcrewed.  The 
office  of  this  cap  is  to  defend  the  upper  part  of  the 
inftrument  from  the  rain.  The  conical,  or  ova],  or 
globular,  corks  P  of  this  cledromcter,  arc  as  fmall 
as  can  be  made,  and  are  fufpended  by  exceed  in3ly 
fine  filver  wires,  the  upper  parts  of  which  arc  formed 
in  rings,  which  pafs  through  the  holes  at  H,  and  arc 
thereby  lb  loofely  fufpended,  that  they  arc  caufed  to 
diverge  when  the  brafs  cap  E  is  expo  fed  to  a  very 
ilightly  cleftrified  atmofphere.     I  M  and  K  N  are 

two 


J94  ^f  tbe£U£lrical  Apparatus: 

two  narrow  flips  pf  dn-foil  (luck  to  the  infide  of 
the  glafs^  and  communicating  with  the  wooden  boc« 
torn  A  B  5— they  fcrvc  to  carry  off  that  ekArictty, 
which,  when  the  corks  touch  the  glafs,  is  communi* 
cated  to  it,  and  if  accumulated  would  difturb  the 
free  motion  of  the  corks. 

An  ufeful  alteration  of  this  eleftrometerwas  made 
by  Mr.  Bennet.  It  confifts  of  two  flips  of  gold* 
leaf,  or  filvcr-leaf,  fufpcnded  from  the  cover  of,  and 
hanging  within,  a  cylindrical  glafs  vefiel,  inflead  of 
the  corks -fufpendcd  by  wires  or  threads.  The  flips 
of  gold  are  about  2  \  inches  long,  and  (bmctiines 
they  are  narrower  at  their  lower  extremities.  This 
elcftrometer  is  the  molt  fcnfible  inftrument  of  the 
kind,  and  very  ufeful  in  nice  experiments;  the  gold 
flips  being  caufcd  to  diverge  in  a  ready  and  unequi- 
vocal manner  by  very  fmall  quantities  of  eleftri- 
city  ;  but  the  inftrument,  thus  furniflied,  is  by  no 
means  portable*.  If  very  fine  threads  ftiffened  with 
gkjL-,  be  ufcd  without  any  balls,  they  will  be  found 
nearly  as  lenfible  ias  the  flips  of  gold  leaf. 

Such  are  the  moft  cflential  parts  of  the  elcftrical 
apparatus.  But  there  is  a  great  variety  of  parti- 
cular inilrumcnts,  which  are  to  be  ufed  for  the  per- 
formance of  peculiar  experiments  \  but  the  defcrip- 
tion  of  thefe,  as  well  as  the  necefiary  inftrudlions  for 
ihe  management  of  the  fame,  and  for  the  general 
performance  of  experiments,  will  be  found  in  the 
fcqucl. 


♦  See  the  dcfcrip.ion  of  it  in  the  Phil.  Tranf.  vol.  77.' 
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ELECTRICAL     EXFERIMEKTS. 


TH  E  principal  objcA  of  this  chapter  is^  to  de^ 
fcribe  fuch  experiments '  as  are  more  eflen- 
dallj  necellary  for  proving  the  laws  which  have 
been  ftated  in  the  preceding  chapters  of  this 
feftion* 

A  (tw  very  trifling  articles^  fuch  .as  a  gla(s  tube^ 
a  ftick  of  fealing-wax,  or  a  piece  of  amber^  and 
two  or  three  eleftronneters,  will  be  fuflicient  to 
prove  the  leadiiTg  propofitions  of  cledricity  j  but 
the  ekArical  machine  being  the  principal  article  of 
a  pretty  large  cle6trical  apparatus,  we  fhall  begin 
by  explaining  the  proper  management  of  the 
iame. 

When  the  weather  is  clear  and  drj',  efpecially  in 

ferene  and  frofty  weather,   the  clcdrical  machine 

always  works  well.     In  very  hot  or  damp  weather, 

the  machine  does  not  work  well ;  therefore  more 

atteodon  is  required  in  the  latter  circumftancc  than 

b  the  former ;  yet,  with  proper  care,  the  elcftrical 

machine  may  at  all  times  be  made  to  work  with  fuf- 

fident  power^  by  atiendmg  to  the  following  in- 

firu£tioo9. 

■ 

Before 
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Before  the  machine  be  ufed^  the  cylinder  fliouli 
be  wiped  rery  clean  and  dry^  and  in  cold  weather  it 
Ihould  be  gendy  warmed  by  keeping  it  a  little  while 
at  a  moderate  diftance  fix>m  a  common  fire.  This 
done^  if  the  winch  be  turned^  when  all  other  things 
are  removed,  and  the  knuckle  be  hekl  at  a  litde 
diftance  from  the  furface  of  the  cylinder,  about  the 
middle  of  it,  and  oppofite  to  the  rubber,  the  elec- 
tric fluid  will  come  from  the  cylinder  tathe  knuckle^ 
and  the  fparks,  accompanied  with  a  crackling  noife, 
will  foon  be  perceived.  But  (hould  this  not  take 
place  after  about  20  or  30  turns  of  the  cylinder, 
take  off  the  rubber  from  its  glafs  pillar,  clean  it 
well,  and  place  it  near  the  fire,  in  order  to  dry  at 
Icaft  the  flik  flap  j—  wipe  the  cylinder  well  with  a 
warm  flannel  or  warm  filk  handkerchief,  and  re- 
place the  rubber,  fo  that  it  may  bear  upon  the  cy« 
Under  with  fufficient  force ;  then  hold  the  piece  of 
leather  with  the  amalgam  againft  the  cylinder  at  its 
under  part  while  you  turn  the  winch,  and  the  ma- 
chine will  foon  acquire  its  power.  When  this  has 
taken  place,  remove  the  leather  with  the  amalgam ; 
place  the  prime  conduftor  before  the  cylinder,  as  in 
fig.  4,  Place  XXIII.  wipe  its  (land  NF  quite  clean 
and  dry,  and  make  a  good  communication,  by  means 
of  a  wire  or  otherwife,  between  the  rubber  and  the 
ground  ;  then  turn  the  winch,  and  the  eleftric  fluid, 
in  the  form  of  fparks,  may  be  drawn  from  the 
prime  conduftor,  by  prcfcnting  a  blunt  uninfulated 
cunJudlor  to  its  furface.    The  longcft  fpark  may  be 

drawn 
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drawn  from  the  knob  O.  If  the  point  of  a  pio  be 
prefented  to  the  prime  conduftor  whilft  the  cylinder 
is  revolving^  a  luminous  globule  of  light  will  be  feen 
upon  the  point,  which  is  not  attended  with  any 
Doife.  If  the  communication  between  the  earth 
and  the  rubber  be  removed,  and  it  be  made  be- 
tween the  earth  and  the  prime  conduftor ;  then,  on 
preienting  a  pointed  pin  to  the  rubber,  a  brufh  or 
pencil  of  light  will  be  feen  ilTuing  from  the  point, 
and  tending  towards  the  rubber. 

I^  when  the  communication  is  made  between  the 

ft 

earth  and  the  prime  conduftor,  a  fimple  eleftrome- 
tcr,  viz.  two  cork  balls  fattened  at  the  ends  of  two 
threads,  be  fufpended  to  the  knobbed  wire  MO; 
cheie  will  hang  down  touching  each  other,  as  long 
as  the  machine  is  not  in  aftion ;  but  the  leatt  turn- 
ing of  the  cylinder  will  make  them  diverge,  or  fly 
from  each  other.  If,  in  this  ftatc  of  repulfion,  you 
touch  the  prime  conduftor  with  an  eleftric,  ars  with 
a  jriece  of  glafs,  or  fealing-wax,  or  amber,  or  ful- 
phur,  &c.  the  cork  balls  will  continue  to  diverge . 
but  if  you  touch  it  with  any  uninfulated  conduflor, 
fuch  as  your  finger,  or  a  wire,  or  a  piece  of  char- 
coal^  &c.  the  threads  with  the  balls  will  imme- 
diately coUapfe.  And  this  is  a  ready  way  of  trying 
whether  a  given  body  be  a  conduftor  or  not. 

Now,  according  to  the  theory,  the  cylinder  is 
enabled,  by  the  friftion,  to  draw  the  cleftric  fluid, 
which  naturally  exifted  in  the  rubber,  and  throws  it 
upon  the  prime  conduftor,  from  which,  on  account 

of 
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of  the  infulatlon,  it  cannot  fly  away,  cxcf  pt  what  is 
communicated  .to  the  air,  or  what  flics  oflT  in  the 
form  of  fparks  to  any  conduftor  that  may  be  prc- 
fcnted  to  the  prime  conductor. 

If  the  rubber  be  infulated,  the  ele'ftrical  machine 
will  lofe  almoft  all  its  power,  becaufe  the  rubber, 
after  having  fupplicd  the  cylinder  with  its  own 
fluid,  cannot  receive  any  more,  except  a  very  little 
quantity  of  it  from  the  furrounding  air,  which  1$ 
fddom,  if  ever,  a  perfeft  clcftric— The  influx  of 
cleftric  fluid  to  the  rubber,  and  the  efflux  from  the 
prime  conduftor,  is  fliewn  by  the  luminous  pencil 
or  flar,  which  is  leen  on  the  pin  or  pointed  condudor 
that  is  prefented  to  them. 

If,  when  the  cork  balls  are  diverging  at  the  end 
of  the  prime  conductor,  as  mentioned  above,  you 
prcfent  to  them  an  excited  glafs  tube,  or  any  other 
body  pofitively  eleftrified,  the  balls  will  fly  from  it; 
but  they  will  run  towards  an  excited  piece  of  fealing- 
wax,  or  towards  any  other  body  negatively  eleftri- 
fied  ;  and  this  is  a  ready  way  of  trying  whether  aa 
eleftrified  body  be  pofitive  or  negative.   • 

Sometimes  another  prime  conduftor  is  placed  in 
contaft  with  the  rubber  R  I  j  then  the  communica- 
tion being  made  between  the  prirhe  conduftor  ML 
and  the  earth,  the  above-mentioned  experiments 
may  be  made  with  the  other  prime  condu'^or,  but 
with  this  difference,  that  in  the  latter  cafe  they  are 
afFefted  by  negative  eleftricity,  and  fliew  figns  of 
that  electricity :    hence,    this    conduftor  is  called 

the 
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he  negative,  and  ML  is  called  the  pofttive^  ton- 

The  Jfyhg  feather. 

Take  an  excited  glafs  tube  in  one  of  your  hands, 
lod  lee  a  fmall  light  feather  be  left  in  the  air^  at  the 
diftance  of  about  8  or  10  inches  from  the  tube.  This 
feadier  will  be  immediately  attradled  by  the  tube/ 
and  win  adhere  very  clofely  to  its  furface  during  a 
few  fecondsy  and  fometimes  longer ;  then9  having 
acquired  the  fame  fort  of  eledb-icity,  it  will  be  re- 
peOed,  and  by  keeping  the  tube  under  it,  the  fea- 
Acr  wi&  continue  to  float  in  the  air  at  a  confiderable 
diftance  from  the  tube^  without  coming  near  ic 
again^  except  it  firft  touches  fome  conducing  fub- 
ftance^  upon  which  it  can  depofit  the  acquired 
cleftridty.  By  managing  the  tube  dexterouQy  you 
may  drive  the  feather  to  any  part '  of  the  room  at 
pleaiure. 

A  remarkable  circumftance'^attcnds  this  experi- 
ment, which  is,  that  while  you  keep  the  feather 

from  the  tube,  and  move  the  latter  about  the  form- 

« 

cr,  the  feather  always  prefents  the  fame  part  to- 
wards the  tube  s  the  reafon  of  which  is,  that  when 
the  equilibrium  of  the  elcftric  fluid  amongft  the 
parts  of  the  feather  is  once  difturbed,  it  is  not  eafily 
reftored,  on  account  of  the  feather  being  a  very  bad 

conduftor. 

The  ikHric  well. 

Place  upon  an  infulating  (land,  (viz.  a  (tool  with 
^fs  1^)  a  metal  pint  or  quart  mug,  or  fome 

other 
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other  conducting  body  nearly  of  the  fame  fliape  j 
then  fatten  a  (hort  cork-ball  eleftrometcr,  like  that 
of  fig.  2,  at  the  end  of  a  filk  thread,  proceeding  from 
the  ceiling  of  the  room,  or  from  any  other  proper 
fupport,  fo  that  die  elcftrometcr  may  be  fufpcnded 
entirely  within  the  mug.  This  done,  eleftrify  the 
niug>  by  giving  it  a  fparlc  with  an  excited  eledlric, 
or  otherwile,  •and  you  will  find  that  the  eleftrome- 
tcr,  whilfi:  it  remains  in  that  infulated  fituation,  and 
even  if  it  be  caufcd  to  touch  the  infide  furface  of 
the  mug,  will  not  be  attrafted  by  it,  nor  will  it 
acquire  any  eledlricity  ;  but  if  a  conduAor^  pardy 
Handing  out  of  the  mug,  be  made  to  communicate 
with  the  eleclrometer,  then  the  latter  will  be  imme* 
diatcly  attrafted  by  the  mug. 

In  this  experiment  the  eleftrometer  is  aftcd  upon 
from  all  fides  by  the  eleftricity  of  the  mug,  and 
having  no  body  upon  which  it  can  dcpofit  its  eleftric 
fluid,  or  acquire  any  from,  cannot  acquire  the  con- 
trary electricity,  and  of  courfe  cannot  be  attrafted ; 
but  when  another  condudor  is  prefented  to  it,  then 
the  artraftion  takes  phice,  becaufc  the  eledtrometcr 
in  that  cafe  acquires  feme  cleftric  fluid  from,  or 
candepofi:  its  fliiici  upon,  that  conduclor. 

To  JIjcjj  the  acVio'ii  cf  dcclric  atVfWrpkeres. 

I.ct  a  body  bet  cU\'crificd,  for  inftancc,  pofitivcly, 
and  if  at  fonir  cifiaiice  from  it  you  liold  an  elecbro- 
Bictcr  of  co:k  balls,  this  electrometer  will  be  found 

to 
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to  diverge,  bm  with  negative  cleftricitjr;  wKich 
may  be  eaftly  proved ;  for  if  yoa  prcfent  to  it  aa 
excited  piece  of  glafs,  the  cork  balls  wiU  run  to- 
wards its  but  they  will  fly  away  fSron;  excited  feaU 
tng  w«x,  fuppofing  this  to  be  excited  always  neg^ 
civcly,  and  the  glafs  always  pofitfvely. 

Infulate  in  an  horizontal  pofition  a  frietallic  rod 
with.bhint  tenninations,  as  AB,    fig.  145    Plaic 
XXTII.  about  two  feet  long,  and  lulvk^  a  cork^^ 
ball  tfle^ftronr^eter  at  its  extremity  A ;   then  bring 
within  8  or  10  inches  of  its  other  end  B  an  excited 
glafs  tube ;  and  the  balls  C  will  imn)ediacely  diverge 
^ith  the  fame,  viz.  with  policiye  eledirici^.    If 
the  robe  be  removed,  the  balls  will  immediately 
come  together,  and  no  elcftricity  will  remain  in 
thdm  or  fn  the  rod.    But  if,  while  the  tube  is  near 
one  end  B  of  the  rod,  a<     .r.h^  cork  balls   di^ 
verge  with  pofitivc  eleftricity;  tile  other  end  A  be 
tmidied  with  a  finger,  or  with  any  uniofulated  con* 
duftor,  the  cork  balls  will  immediately  coliapie^ 
remaining  as  if  the  rod  were  perfeftly  unele6lriBed  $ 
Mt  if>  in  this  ftate  of  things,  the  excited  tube  be 
removed,  the  balls  will  immediately  diverge  with 
legative  eledriciry,  fhewihg  that  the   rod  A  B  is 
indercharged. 

This  experiment  is  eafily  explained ;  for  when  the 
od  is  in  a  natural  date  with  refpeft  to  eleAricityj 
hen  the  eledtric  fluid  naturally  belonging  to  it,  is 
iquably  diffu(cd  throu^out  the  rod  1  but  when  the 
xciced  tube  is  brought  mtbin  a  certaia  diftance  of 
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one  of  its  ends,  as  B,  then  the  fluid  belonging  to 
that  end  will  be  driven  towards  the  extremity  A  s 
which  extremity  therefore  becomes  overchargtdf  - 
and  the  other  extremity  B  undercharged,  yet  the 
rod  has  no  niore  .eleftric  fluid  now  than  it  bad  be- 
fore ;  and  when  the  tube  is  removed  beyond  the 
'jphere  of  its  aftion,  the  fuperfluous  fluid  of  the  ex- 
tremity A  returns  to  its  former  place  B,  and  the 
equilibrium  is  reftored.  But  if,  whilft  the  extremity 
A  is  overcharged,  this  fame  extremity  be  touched, 
then  its  fuperfluous  fluid  will  be  conduded  away  by 
the  touching  body,  leaving  the  extremity  A  in  a 
natural  date ;  but  at  the  fame  time  the  extremity  B 
IS  undercharged ;  therefore,  when  afterwards  the 
tube  is  removed,  part  of  the  fluid  natui^y  belong- 
ing to  the  extremity  A,  goes  towards  B,  and  of 
courfe  the  whole  rod  will  remain  undercharged,  or 
elcftrificd  negatively. 

This  experiment,  which  may  be  endlefsly  diver- 
fified,  and  fo  fimplified  as  to  be  performed  with  a 
fimple  cork-ball  cleftrometer,  ftiews  how  an  elec- 
trometer or  other  body  may  be  eleftrified  negative- 
ly by  means  of  a  body  elcdlrified  pofitively,  or 
vice  verfa. 

^ojhew  the  alternate  attra^hn  and  repulfion  of  tic 

fame  light  bodies. 

Place  upon  a  flat  metallic  plate  any  fmall  bodies, 
fuch  as  pieces,  or  fmall  figures,  of  paper,  cr  bit-  of 
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gold-leajfj  bran,  .&c.  and  whilft  the  machine  is  in 
adton,  hold  the  faid  plate  diredlly  under  the  prime 
conduftor  at  about  3  or  4  inches  diftance  from  its 
furface;  and  the  light  bodies  will  Toon  move  be- 
tween the  plate  and  the  conduftor,  leaping  alter- 
nately from  the  one  to  the  other.  In  this  experi* 
ment  the  fmall  bodies  and  the  plate,  by  being  within 
the  Ipherc  of  aftion  of  the  eleftrified  prime  con- 
dudor>  become  aftually  poflcfled  of  the  contrary 
elcftncity,  leaving  their  eledric  fluid  upon  the  hand 
of  the  operator,  or  other  body  that  communicates 
^wich  the  plate :  hence  the  light  bodies  (on  account 
of  the  attraction  between  bodies  differently  eleCbri* 
ficd)  are  attrafted  by  the  prime  conduftor.  Now 
as  loon  as  thefe  bodies  touch  the  prime  condudtor^ 
dicy  become  inftantly  poflcfled  of  the  fame  eleftri- 
city  with  It ;  therefore  they  are  repelled  (on  account 
of  the  repulflon  between  bodies  pofliefled  of  the 
fiune  fort  of  cledricity),  but  they  are  attracted  by 
die  plate,  which  is  in  a  contrary  (late,  &c. ' 

If  die  conduftor  be  fuppofed  to  be  ele6trifled 
negatively,  the  explanation  requires  a  very  trifling 
and  very  obvious  alteration  of  exprefllons. 

That  the  fmall  light  bodies  cannot  be  attracted 
by  the  condudor,  unlefs  they  become  firft  pofTeflScd 
of  the  contrary  eledricity,  may  be  proved  in  the 
fcUowing  manner :  — .  Place  the  faid  light  bodies 
open  a  clean  and  dry  pane  of  glafs,  inftead  of  the 
metallic  plate,  and  holding  the  glais  by  one  cornerj 
place  it  under  the  eleftrified  prime  conductor,    J( 

i>  V  z  will 
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will  be  found  that  the  firall  bodies  are  not  attra£ted» 
becaule  in  this  cafe  they  have  no  opportunity  of 
parting  with  their  natural  elefbric  fluid,  and  confe- 
quently  cannot  acquire  the  contrary  ele£bricity.  But 
if  a  finger  or  any  other  conductor  be  prefented  to 
the  under  fide  of  the  pane  of  glafs,  then  the  light 
Codies  will  be  inftantly  attra£bed,  repelled,  &c.  for 
thele  bodies  can  now  depofit  their  elc&ric  fluid 
upon  the  upper  furface  of  the  glafs  plate,  whilft  the 
under  furface  of  the  glafs  iJepofits  its  fluid  upon 
the  finger,  or  other  conduftor.  If  this  experi- 
ment  be  continued,  the  pane  of  glafs  will  (bon  be 
charged*. 

ExperimMs 


•  The  preceding  experiments  fhew  the  following  hQs^ 
or  laws,  which  we  (hall  afTume  as  axioms,  to  prove  that  the 
repulfion  of  bodies  poflefTed  of  the  fame  fort  of  eledVricit}', 
be  it  pofitire  or  negative,  feemrs  to  be  clearly  explicable  on 
the  theory  of  a  Hngle  eledhic  fluid, 

1.  A  body  pofiefled  of  either  fort  of  eleflricity  will  in- 
duce, or  tend  to  induce,  the  contrary  eleflricity  on  any 
other  body  that  comes  within  its  fphere  of  aftion,  viz.  with- 
in a  certain  diflance  of  its  furface. 

2.  A  body  cannot  appear  eleftrified  on  any  part  of  i& 
furface  (meaning  that  the  eleftrical  power  cannot  manifeft 
itfelf,  or,  according  to  the  theory,  the  eleftric  fluid  cannot  be 
^i^bly  difFufed  through  it,)  unlcfs  that  furface  is  oppofitc 
to  fome  other  body  which  is  actually  poffefled  of  the  contrary 
clc£bicity.  And  thofe  two  cohtrarily  eledrified  bodies  at- 
tx2St  or  tend  to  attract  each  other. 

3.  According 
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Experiments  with  the  Leyden  PhiaL 
Place  a  coated  jar,  fuch  as  that  of  fig.  7,  upon 

»  f 

the  table  where  the  eleftrical  machine  (lands,  and 

with 


3.  According  to  the  Frankh'nian  hypothcfis,  the  cleSric 
fluid  is  elaftic,  that  is,  repulfivc  of  its  own  particles,  but 
attradive  of  the  particles  of  other  matter. 

yfwf  let  A  and  B,  fig.  15,  Plate  XXIII.  be  two  fpheres 
of  conducing  matter  fufpended  in  the  open  air,  conttgubus 
to  each  other,  and  capable  of  being  eafily  moved.  L^t  fome 
ele&icitybe  communicated  to  them,  and  it  is  evident  that 
this  cleAricity  cannot  be  diiFufed  equably  over  their  furfaces, 
but  it  muft  be  thicker  or  more  condenfed  on  the  parts  that 
are  remote  from  the  point  of  contaA,  becaufe  there  the  air 
is  at  liberty  to  acquire  the  contrary  eledricity ;  whereas 
near  the  point  of  conta^  the  eledricity  cannot  be  manifeft- 
cdy  becaufe  in  that  place  there  is  no  air  or  other  body  which 
'can  sijcquire  the  contrary  eledricity.     Therefore  the  at- 
moipheres  of  contrary  eleflricities  cannot  be  concentric  widi 
the  fpheres  A  and  B,  but  muft  be  fituated  fomewhat  like 
the  dotted  reprefentation  of  fig.  15 ;  then  the.  fpherical  bodies 
being  attraded  towards  the  centres  of  (hofe  fpheres,  appw 
to  repel  each  other,  as  (hewn  in  fig.  16;  fo  that  when  the 
bodies  are  eledrified  pofitively,  negative  atmofpheres  will  be 
ibnned  round  them,  and  the  additional  eledric  fluid  of  the 
bodies  wiH  attrad,  and  be  attracted  by,  thofe  negative  at- 
mofpheres.     When  the  bodies  are  eledriAcd  negatively, 
pofitive  atmofpheres  will  be  formed  round  them,  which  at- 
Cniift  the  undercharged  bodies, 

D  s  3  This 
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ivith  its  knob  A,  in  cont^dt  with  the  prime  con« 
du£tor,  ^Ifo  place  Henley's  quadrant  eleftrometer 
upon  the  prime  conductor ;  then  work  the  machine, 
and  the  index  of  the  electrometer  will  rife  gradually 
as  far  as  a  certain  height,  which  depends  upon  the 
force  of  the  machine,  fize  of  the  jar,  &c.  beyond 
which  it  will  not  rife.  You  may  then  conclude 
that  the  jar  has  received  its  fiill  charge  ♦.  Take  i 
difcharging  rod,  and,  holding  it  by  its  gla(s  handk, 
apply  one  of  its  knobs  to  the  outfide  coating  of  the 
jari  then  bring  its  other  branch  towards  the  knob  A 


This  explanation  may  be  eafily  applied  to  bodies  of  any 
Other  ihape ;  proper  allowance  being  made  for  their  more  or 
lefs  perfect  condudling  or  noncondudling  nature. 

*  Some  fort  of  giafs  Is  more  apt  to  difcharge  itfelf  over 
its  furfacc  thun  others.  A  battery  cannot  in  general  be 
•  charged  fo  high  as  a  fuigle  jar.  The  dampnefs  or  dryne6of 
the  air  does  alfo  influence  the  charge.  Yet  Mr.  Cuthbertiba 
found,  that  by  breathing  into  a  jar  through  a  glais  tubc^ 
previous  to  the  charge,  the  jar  will  be  enabled  to  hold  a  much 
greater  charge.  He  judges  of  the  force  of  a  battery  or  jar  by 
the  length  of  wire  which  its  difcharge  is  able  to  fufe.  Thus 
fpeaking  of  his  experiments  with  a  certain  battery,  he  (ays, 
*^  This  battery  contained  17  fquare  feet  of  coated  giafs,  and 
^^  was  compofed  of  15  jars ;  it  was  found  in  the  then  ftate  of 
^'  the  atmofphcre  to  be  incapable  of  fufing  a  greater  length 
^^  of  wire  than  18  inches.  But  after  breathing  into  each 
^  jar  through  a  giafs  tube,  it  took  a  charge  which  fufed  6q 
«  inches."  Nicholfon's  Journal  of  Nat.  Phil.  ice.  vol.  11^ 
p.  527. 

of 
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of  the  jar,  and  you  will  hear  a  report,  and  wUl  fee 
vivid  fparks  between  the  difcharging  rod  and  the 
condu6Hng  fubllances  chat  communicate  with  the 
fides  of  the  glais.  This  operation  difcharges  the 
jar.  If,  indead  of  ufing  the  difcharging  rod,  you 
touch  the  oucfiJe  of  the  jir  with  one  hand,  and  its 
knob  with  the  other  hand*;  then,  befides  the  report, 
&€•  you  will  feel  a  peculiar  (bock,  which,  according 
to  the  height  of  the  charge,  fize  of  the  jar,  &c.  will 
afftft  either  your  wrifts,  or  elbows,  or  bread,  &c 
If  a  number  of  perfons  join  hands,  and  the  firft  of 
them  touches  the  outfide  of  the  jar,  and  the  laft 
touches  the  knob,  they  will  all  feel  the  (hock,  and 
preci(ely  at  the  fame  perceivable  inftant.  But  thoft 
who  are  nearer  to  the  coatings  of  the  jar,  or  who  are 
at  the  extremities  of  the  circuit  of  communication^ 
will  feel  the  (hock  ftronger  than  the  reft  ;  (or  the^ 
deftricity*  of  either  (ide  becomes  lefs  conden(edj 
and  of  courfe  lefs  aftive  in  proportion  as  it  ex- 
pands itfelf  through  a  greater  quantity  of  conduft* 
log  matter. 

The  (bree  of  the  dilcharge  may  be  manifefted  by 
a  great  variety  of  experiments. — Take  a  card  or 
quire  of  paper,  or  two  cards  kept  a  little  afunder 
by  the  interpofition  of  little  bits  of  wax  here  and 
Aere ;  place  either  of  thofe  articles  flat  againft  the 
outfide  coating  of  a  charged  jar,  and  put  one  of  the 
Icnobs  of  the  difcharging  rod  over  it,  fo  that  the 
card  or  quire  of  paper,  or  the  two  cards,  may  be 
{nterpofec}  between  that  knob  and  the  coating  of  the 

D  D  4  jarj 
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jar.;  then,  by  bringing  the  othjer  knob  of  the  dif- 
charging  -rod  ncaj-  the  wire  of  the  jar,  make  the 
dilcharge ;  ^nd  the^ledric  -matter^  ruihiog  thrqujgb 
the  circuit  from  (the  poficive'to  the  negative  fide  of 
the  jar,  >wiU  pierce.a  Jiolq,  andrfrequendy  more  th^n 
one  :holc,  quite  through  (herC^rd  or  c^rds,  or  quire 
0f  p^per>i&c.;  and  reach  hole  .will 'be  .found  to  have 
^ibur.rai&doneach  fide,  unlefs  the  card  be.prefled 
too  hard  againftithc«fide  of  the  jar-*.  If  the.noftrib 
<be  immediately  ^pcefcnted  to  fuch  perforatioo*  a 
liFnell,'fomewhat:ltke  that  of  phofpborus>  ,v^|ll  be 
perceived.  If,  inftead  of  paper,  a  vjery  thin  .pUie 
crfglafs  or  of  rofin,  or  of  fcaling-wM,  be  inte^pofed 
between,  thedifcharging  rod  and  the  outfide  cqat* 
ing  of  thejar,  on  making  the  difcharge^  this  will  be 
broken  in  fe vera)  pieces. 

•If  a  piece. of  white  fugar  be  intcrpofed,  and  the 
ilhocJc  fbe  fufficiently  ftrong,  the  Tpgar'  >\ill  be 
'broken,  and  in  the  dark  it  will  appear  beautifully 
'illuminated,  remaining  :fo  for  nearly  a  , minute 
after. 

Put  ths^cxtremities  of  two  wires  ijpoa  the  furface 
'€f  la.oard,  or,vWhich  is  the  (ame,  place  the  cad 
•iflat  upon  the. tablet. E  of  the  univcrfal  diicharg<?r, 
ifig.  9,  -and. having. removed  the  knobs, D,.D,  in- 
Jcline  the  wires,  To  that  their  extremities  may  reft 
^vpon  thecaid,    and    at   about  an   inch  diflance 


♦  This  (hews,  that  the  bur  and  the  perforation  are  made  by 
the  expanlion  of  chu  fubilance  of  the  card  or  paper. 
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from  cacK  other ;  then,  by  conncfting  one  of  the 
rings,  or  wires  C,  with  the  outfide  of  a  charged 
jar,  and  the  other  wire  C  with  the  knob  of  the  jar, 
the  (hock  will  be  caufed  to  pafs  over  the  card ;  and 
after  the  fame  nnanner  it  may  be  caufed  to  pafs  over 
the  furface  of  any  other  body. 

If  the  card  be  very  dry,  the  difcharge  will  leave 
upon*  the  card  between  the  extremities  of  the  two 
wires  a  lucid  track,  which  will  remain  upon  it  dur- 
ing fbme  fcconds.  If  the  Hiock  be  palTed  over  a 
piece  of  writing  paper,  this  will  be  torn  into  very 
finall  bits.  If  the  (hock  be  ftnt  over  a  piece  of 
glafs  plate,  the  furface  of  the  glafs  will  thereby  be 
marked  with  an  indelible  track.  In  this  experiment 
the  glais  plate  is  feldom  broken  ;  but  Mr  Ilenly 
, found  that  it  may  be  eafily  broken  if  weights  have 
been  previoufly  laid  upon  it  He  ufcd  to  place  a 
thick  piece  of  ivory  upon  that  part  of  the  gla.s 
.which  ftood  between  the  extremities  of  the  wires, 
and  tipon  that  ivory  he  placed  any  weight  from  a 
quarter  of  an  ounce  to  fix  pounds.  On  making  the 
difcharge,  the  glafs  would  generally  be  broken  into  , 
ionumerable  pieces,  fome  of  it  being  abfolutely  re- 
duced into  an  impalpable  powder.  If  the  glafs  be 
too  thick  to  be  broken  by  the  force  of  the  explo- 
fion,  it  will  b^  found  marked  with  the  moft  lively 
prifmatic  colaurs,  which  are  occafioned  by  very 
thin  laminae  of  the  glafs,  partly  feparated  by  the 
fliock.     The  weight  is  always  (hook  by  the  ex* 

plofion. 
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plofion,  and  fomcrimes  ic  is  qoitc  thrown  off  from 
the  ivory* 

If  the  card>  over  which  the  fliock  is  ftht,  be 
painted  with  any  particular  colour,  a  permanent 
Hack  mark  is  generally  left  upon.it,  efpcciaUy  if  it 
be  painced  with  vermillion  *. 

In  order  to  fire  giin- powder  by  means  of  the 
Leyden  phial,  make  a  fmall  cartridge  of  paper,  and 
fill  it  with  gun-powder,  or  elfe  fill  the  tube  of  a  quill 
with  it,  and  iniert  the  pointed  extremities  of  two 
wires  in  it,  fo  that  their  extremities  within  the  pow- 
ifcr  vt\:iy  be  about  one-fifth  part  of  an  inch  fix)m 
vcacb  other.  This  done,  fend  the  charge  of  a  Lcydcn 
p^ial  through  thofe  wires,  and  the  gun-powder  will 
fee  fired.  If  the  powder  be  mixed  with  fteel  frKngs, 
ihc  experiiricnt  will  fucceed  even  with  a  fmall 
ihock. 

If  die  gun- powder  be  plactd  loofely  upon  any 
ffand,  aiul  the  incerruption  of  the  wire  circuit  be 
made  in  ic  i  on  making  the  difeharge  of  the  jar,  the 
Ipark  which  takes  place  at  that  interruption^  wiU 
fcatter  the  gun-powder  without  firing  it.  But  the 
loofe  gun-powuer  may  be  fired,  if  the  (hock  be 
tranfmicied  through  lefs  perfeft  conductors ;  in 
which  cafe  the  difeharge  being  lefs  fudden,  or  ra- 
iher  proceeding  in  aftream,  the  powder  will  be  firecL 


»  See  my  Treati.c  on  Ele^tcity,  4th  edition^  vol.  lU 
page  59. 

The 
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The  bcft  method  of  pcforming  this  experiment  is 
ihewn  in  fig.  \%^  Plate  XXIII. 

F  is  the  gun-powdcr,  placed  upon  the  fame" table 
upon  which  the  jar  AB  is  fituated;  C  D  is  a  glafs 
tube  about  one  foot  long  and  a  quarter  of  an  inch 
in  diameter,  full  of  water,  and  having  two  corks  at 
its  extremities.  Into  thefe  corks  two  wires  arc  - 
thruft,  the  inner  extremities  of  which  juft  touch  the 
.  water,  viz.  the  Ihort  wire  at  D,  and  the  long  wire 
C  A,  which  makes  the .  communication  between 
the  water  of  the  tube  and  the  knob  of  the  jar.  On 
.making  the  difcharge,  which  muft  pafs  through  the 
fmall  quantity  of  water  in  C  D,  and  through  the 
table  F  B,  both  imperfeft  conductors,  the  eledtric 
fluid  comes  out  at  D,  in  the  form  of  a  denfe  dream, 
which  generally  fires  the  gun-powder  at  F. 

If  a  fpoon,  containing  fpirit  of  wine,  be  con* 
ncAed  with  the  outfide  of  a  Leyden  phial,  and  the 
knob  of  a  wire,  communicating  with  the  infide  of 
the  phial,  be  brought  juft  over  the  furface  of  the 
jpirit,  at  a  fmall  diftance  from  it,  the  difcharge  of 
the  phial  will  fet  fire  to  the  fpirit  of  wine,  provided 
this  has  been  previoufly  warmed.  But  the  fame 
thing  may  be  done  by  pafling  a  fimple  fpark  from 
the  prime  conductor  of  the  machine  through  the 
warmed  fpirit  of  wine, 

A  very  fine  flendcr  wire  may  be  fufed  by  the 
difcharge  of  a  fingle  jar.  For  this  purpofe  you 
peed  only  make  that  wire  part  of  the  circuit ;  for 

inftancet 
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inftance,  place  it  between  the  extremities  of  the 
wires  of  the  univerfal  difchargeri  The  fine  tur^- 
ings  or  fhavings  of  ftecl,  which  may  be  had  at  the 
philofophical  inftrument  makers,  ai*e  very  ^afily 
fofed,  even  by  a  fmall  (hock.  But  a  wire  of  the 
50th  part  of  an  inch  or  upwards,  requires  a  conn- 
derable  battery  to  melt  it  *. 

T.ak^e  two  flips  of  common  window-glafs>  about 
three  inches  long  and  half  an  jnch  broad ;  put  a 
fmall  flip  pf  gold,  or  filver,  or  brafs-leaf  between 
them,  leaving  a  little  of  the  metallic  leaf  out  of  the 

■ 

glaflts  at  the  two  ends,  and  place  thofe  glafs  flips 
between  the. boards  of  the  prefs  H  of  the  univerfal 
difcharger,  fig.  9,  which  prefs  muft  be  ,put  in^thc 
place  of  the  tablet  E  ;  then  by  connefting  the  wires 
D,  D,  with  the  projecting  extremities  oC  che  pne- 
talllc  leaf,  &c.  fend  the  charge  of  a  pretty  large  jar 
through  it ;  the  confequencc  will  be  that  the  glalTes 


*  It  appears  that  the  higheft  charge  of  a  battery,  belong- 
ing to  Dr.  VanMarum,  and  containing  135  fquare  feet  of 
coated  furface,  could  juft  fufc  180  inches  of  iron  wire,  jj^ 
of  an  inch  in  diameter,  or  6  inches  of  iron  wire,  ^V  of  an 
iuch  in  diameter;  another  battery  belonging  to  the  fame 
perfon,  and  containing  225  fquare  feet  of  coated  furface, 
could  melt,  with  its  higheft  charge,  300  inches  of  the  firft- 
mentioned  wire,  or  10  inches  of  the  laft  ;  alfo  the  higheft 
charge  of  a  third  battery,  which  contained  550  fquare  feet 
^of  coated  furface,  could  fufc  25  inches  of  the  latter  wire, 
Nicholfon's  Journal  of  Natural  Philofophy,  &c.  vol.  IL 
page  527. 

are 
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arc  generally  Ihattered  by  it  j  but  whether  they  arc 
broken' or  not,  they  will  be  found  indelibly  marked 
by  the  metal,  which  is  forced  fo  far  into  the  pores 
of  the  glafs,  as  not  to  be  afFcfted  even  by  the  men- 
'  ftrua  which  otherwife  are  wont  to  diflblve.it. 

Take  a  wire  of  the  fize  of  a  common  knittins:- 
needle,  or  larger,  and  by  means  of  any  eafily  flexible 
wire  or  chain,  let  one  end  of  ic  communicate  vvith  the 
outfidc  coating  of  a  jar,  that  contains  at  leaft  ten  fquarc 
inches  of  coated  furface.  Round  the  other  end  of 
the  firft-mentioncd  wire,  fonie  cotton  mufl  be 
loofely  twilled,  fo  as  to  form  a  head  round  it,  dnd 
thus  conceal  the  end  of  Ihe  v/ire.  Roll  this  head 
of  cotton  in  powder  of  lycopodium,  or  in  powder 
df^rdfin:  this  done,  charge  the  jar,  and  bring  the 
cotton  head  rather  quickly  towards  its  knob;  By 
«hich  means  the  difcharge  will  be  caufed  to  paft 
through  the  faid  cotton,  which  will  thereby  be  in- 
ftandy  fct  on  fire. 

If  a  jar  be  difcharged  with  a  difcharginp:  rod  that 
hzs  not  an  eleftric  handle,  the  hand  which  holds  the 
rod,  oh  making  the  difcharge,  feels  a  partial  flfock. 
Tn  other  words,  a  pcrfon,  or  any  conducing  (ub- 
ftancc  that  is  conncft'cd  with  one  fide  of  ^  Leyd^n 
phial,  but  that  form? ho  part  of  the  circuit,  will  feci 
a  kind  of  fhock,  or  fome  efFeft  of  the  difcharge. 
TThus,  if  you  conneft  a  piece  of  a  chain  with  thi 
oiitfide  of  a  jar,  or  place  it  very  nedr  tht  jar;  th'en 
clifcharge  the  jar  through  another  circuit,  as  for  in- 
V  It^tocc,  by  means  of  a  common  difcharging  rod ; 
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OQ  making  the  difcharge  in  the  dark^  fparks  will  hc 
feen  between  the  links  of  the  chain,  alfo  between  the 
chain  and  the  jar  i  which  (hews  that  the  eledtric  fluid 
of  the  chain  is  afFedled  by  the  proximity  of  the  jar* 
If  this  chain  be  infulated,  it  will  be  found,  after  the 
difcharge  of  the  jar,  not  to  be  eledrificd :  hence 
Dr.  Pricftley  (who  firft  defcribcd  this  effeft  out  of 
the  circuit,  and  to  which  he  gave  the  name  of  laierd 
exphjim)  thinks  that  this  lateral  fpark  flies  from  the 
coating  of  the  jar  to  the  chain,  and  inftantly  returns 
to  the  former. 

Thus  far  I  have  defcribcd  fuch  expeiimencs  as 
flicw  the  efiefts  or  the  power  of  charged  eledbics^ 
and  which  may  be  molUy  performed  with  a  fingk 
jar.  That  power  may  be  (hewn  in  a  much  more 
furprifing  manner  by  the  ufe  of  a  large  battery; 
but  tht  management  of  fuch  battery  being  fimilar 
to  that  of  a  fingle  jar,  it  is  nccdlcfs  to  give  any  par- 
ticular direftions  refpefting  the  ufe  of  the  fame* 
We  may  only  obfcrvc,  by  way  of  precaution,  that 
more  care  and  attention  is  required  in  the  manage- 
ment  of  a  large  battery,  left  the  ftiock,  which  might 
be  very  hurtful,  fhould  unexpeftedly  pals  through 
the  operator,  or  any  of  the  by-ftanders. 

After  having  difcharged  a  large  battery,  the  ope- 
rator ftiould  once  more  apply  the  difcharging  rod 
to  the  outfide  and  infide  coatings  of  the  battery ;  for 
arefiduum  of  the  charge  generally  remains  in  it  after 
the  firft  discharge,  which  might  afterwards  give  an 

uneipc^tcd 
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txie^pefled  (hock.    The  lame  precaution  may  be 
extended  to  a  Tingle  large  jar. 

I  (hall  now  aidd  fuch  experiments  as  may  iHuftraoe 
the  theory  of  the  Leyden  phial,  and  the  hypothecs 
of  a  fingle  eleftric  fluid. 

•    Place  a  coated  jar  on  an  infulating  dool,  and 
with  its  knob,  not  in  contaA,  but  within  an  inch  of 
the  prime  conduAor ;  then  work  the  machine,  and 
after  a  certain  time  you  will  find,  upon  trial,  that 
the  jar  is  not  charged,  becaufe  its  out  fide,  being 
inlulated^  could  not  part  with  its  eledric  fluid,  and 
of  courfe  its  infide  could  not  receive  any  additional 
quantity  of  it.     But  if  you  hold  the  knob  of  a  wire 
at  fuch  a  diftance  from  the  outfide  coaung  of  the 
Jar,  as  the  knob  of  the  jar  is  from  the  prime  con^ 
duAor  I  then,  on  working  the  machine,  you  will 
find,  that  whenever  a  fpark  goes  from  the  prime 
condu&or  to  the  wire  of  the  jar,  another  fpark  paflfe^s 
from  the  outfide  coating  of  the  jar  to  the  knob  of 
the  wire  that  is  prefented  to  it ;  which  (htws  that 
according  as  a  quantity  of  eledric  fluid  enters  the 
Jar,  about  an  equal  quantity  of  the  ele£l:ric  fluid 
which  belongs  to  the  outfide  of  the  jar,  leaves  that' 
outGde.    In  this  manner  the  jar  becomes  charged. 
If  in  this  experiment  the  fame  fluid  which  goes  from 
the  prime  conduftor  to  the  knob  of  the  jar,  came 
through  it,  and  paflSxl  to  the  oppofed  knob,  the  jar 
could  not  pofllbly  become  charged. 

When  the  jar  is  charged,  if  you  prefent  tlie 
pointed  extremities  o(  the  difcharging  rpd  at  a 

certain 
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certain  diftance  from  the  outfidc  coatirtg  titd  from 
the  knob  of  the  jar,  a^  (h'ctifrn  in  fig.  7,  you  \rfB 
perceive  (if  the  experiment  be  ^rformcd  in  die 
dark)  both  points  illuminated^  viz.  the  upper  point 
vith  a  licfle  ftar,  and  the  lower,  B,  with  a  bnifh  of 
Itghtj  provided  the  jar  has  been  charged  politively 
in  the  infide ;  but  if  the  jar  be  charged  negatively  in 
the  infide,  (viz.  by  prefehting  its  knobtp  the  nrega- 
tive  condudor)  then  the  ftar  and  the  brufh  will  be 
rcverfed,  viz.  the  brufli  will  iffue  from  the  upper, 
and  the  ftar  will  appear  on  the  lower,  point.  By 
this  means  the  jar  is  filently  difcharged. 

Difpofc  the  apparatus  as  in  the  above- mendoned 
experiment,  (p.  408)  with  the  card ;  viz.  lay  a  card 
upon  the  tablet  E  of  the  univerfal  difcharger,  fig,  9, 
but  with  this  difference,  that  inftead  of  laying  the 
extremities  of  both  wires  upon  the  fame  fide  of 
the  card,  one  of  them  be  placed  under  the  card; 
then  fend  a  fhock  through  the  faid  wires,  as  in  the 
above-mentioned  experiment,  and  it  will  be  found 
that  the  cledric  fluid  will  run  over  that  furface  of 
the  card,  upon  which  ftands  the  wire  that  Commu- 
nicates with  the  pofitive  fide  of  the  jar ;  and  in  order 
to  pafs  K>  the  other  wire,  it  will  break  a  hole  through 
\he  card  jufl:  over  the  extremity  of  that  other  wire. 
Thus  let  A  B,  fig.  17,  Plate  XXIII.  reprefent  a 
ieftion  of  the  card ;  C  and  D  the  extremities  of  the 
wires  laid  upon  the  oppofite  furfaces  of  the  card; 
then,  if  the  wire  D  be  connefted  with  the  pofitive 
fide  of  the  jar,  on  making  the  difcharge  the  ekftric 

fluid 


EJeBricai  Expertments^  417 

fluid  wiU  run  over  the  card  from  D  to  E,  and  at  E 
it  will  break  a  hole  and  pafs  to^  the  wire  C>  which 
communicates  with  the  negative  fide  of  the  jar;  but 
if  the  wire  C  be  connefted  with  the  pofitive  fide  of 
the  jar,  then,  on  making  the  difcharge,  the  eleftric 
fluid  will  run  along  the  furfaceof  the  card  from  C 
to  Fj  and  at  F  it  will  break  a  hole  and  pafs  to  the 
wire  D. 

The  courfe  of  the  eleftric  fluid  in  this  experi^ 
nient  may  be  feen  either  by  the  luminous  track,  if 
the  experiment  be  performed  in  the  dark,  or  by 
prcviotifly  painting  the  card  on  both  fides  with 
vermiUbn  and  gum- water  1  for  the  paflfage  of  the 
eleftric  fluid  will  leave  a  permanent  dark  track 
upon  it. 

Take  a  fmall  coated  phial,  and  by  breathing  upon 
its  external  uncoated  part,  render  that  part  flighdy 
damp  I  dien  holding  it  by  its  outfide,  prefent  its 
knob  to  the  prime  condudor,  while  the  machine  if 
Hi  la^on,  and  you  will  find  that,  after  the  phial  has 
received  a  finall  charge,  a  beautiful  brufli  of  rays 
will  proceed  from  the  cork,  which,  after  going  a 
little  way  into  the  air,  bends  its  courfe  towards  the 
ootfide  coating  of  the  phial.  If  the  phial  be  charg*- 
cd  negatively  in  the  infide  (viz.  if  its  knob  be 
prefented  to  the  infulated  rubber),  then  the  lumi- 
nous brufli  will  iflue  from  the  outfide  coating,  and 
will  proceed  towards  the  cork  or  wire  of  the  phial. 
In  thfa  experiment  the  outfide  of  the  phial  muft  be 

▼OL.  111.  K  K  damped 
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damped  to  a  certain  degree^  which  ezpeneoce  only 
can  teach. 

Remove  the  circular  board  E  from  the  uniyerial 
difcharger,  fig.  9 ;  fix  the  wires  D  Cj  D  C,  fii 
that  their  knobs  D,  D,  may  be  about  two  iDcho 
afunder^  and  upon  the  focket  F  fix  a  piece  of  wax-* 
taper  lighted^  fo  that  its  flame  may  be  midway  be- 
tween the  two  knobs  D,  D.  This  done,  if  you 
conned,  by  n^ans  of  a  chain  or  otherwifej  the  out- 
fide  of  a  charged  Ley  den  phial  with  one  of  the 
wires  C,  and  bring  the  knob  of  the  phial  co  the 
other  wire  C3  you  will  obferve  that  on  making  the 
difcharge»  which  muft  pafs  from  one  of  the  knobs 
D  to  the  other,  the  flame  of  the  wax*taper  is  dways 
driven  in  the  direftion  of  the  eledlric  flukl ;  that  is, 
it  will  be  blown  upon  the  knob  of  that  wire  which 
communicates  v/ith  the  negative  fide  of  the  phial. 

In  this  experiment  the  phial  muft  have  a  fmall 
charge,  which  experience  will  prefendy  determine. 
With  high  charges  the  experiment  does  not  fucceed, 
becaufe  the  charge  paflcs  too  fuddcnly,  and  Kke- 
wife  becaulc  on  approaching  the  phial  to  the  wire, 
a  confidcrable  eleftrical  atmofphere  is  formed 
round  the  knob  of  that  wire,  which  difturbs  the 
flame,  &c. 

If  a  Lcyden  phial  be  clofely  flopped,  and  a  nar- 
row and  open  tube,  containing  a  drop  of  water,  be 
pafled  through  and  cemented  into  its  cork,  it  is 
evident  that  if  the  air  within  the  jar  be  at  all  rarefied 

or 


or  c^deftfedi  tke  drop  of  water  ^thift  the  tube 
ttuft  be  moi^  ftoui  ks  placer  Now  ort  ch^i^ng 
itis  phial  eidier  pofitively  or  negatively  in  the  in*> 
fide,  the  water  widiin  ihe  fiarrow  tube  will  nof  be 
moTted  fr«cn  its,  place ;  which  (hews  that  die  charge 
does  by  no  means  diiplace  the  air.  Nor  will  die 
Irater  be  mdred  on  making  the  difcharge,  unleft  a 
Ipaik  happens  becwceft  the  infide  eoadog  and  the 
wife»  or  bccweeA  the  various  parts  of  the  infide 
Coming  i&r  a  fpark  always  rarefiea  a  litdt  and  diA 
places  the  air* 

Takea  nakiod  phkl,  aiid  for  a  coating  on  die 
outfide  (tick  a  piece  of  tin*? foil  with  a  little,  was^  fo 
that  it  may  juft  adhere  to  the  glafs ;  and  for  an  infide 
Goadng  ufe  fmall  leaden  (hot,  or  quickGlver ;  laftly, 
inlert  a  wire  into  the  phial.  This  done,  hold  the 
phial,  thus  coated>  by  its  outdde,  and  charge  it  in  the 
ufual  manner.  When  charged,  turn  it  upfide  down, 
and  pour  its  contents  into  an  infulated  cup  for  ex- 
amination; alfo  remove  the  outfide  coating.  By 
this  operation  the  phial  does  not  lofe  its  charge,  and 
if  the  quickfilver  or  the  fljot  which  formed  the  in- 
fide costing  be  examined  by  means  of  an  eledro-* 
meter,  it  will  be  found  (lighdy  electrified,  viz.  as 
much  as  any  other  like  infulated  condudor  that  has 
been  in  contaft  widi  the  prime  condudon  Pour 
the  fame  (hot. or  quickfilvcr,  or  elfe  fome  other 
quickfilver  again  into  the  phial,  and  replace  the 
outfide  coadng;  then  touch  the  outfide  coating  with 
one  hand,  and  the  infidQ  widi  the  other  hand,  by 

£  s  2  means 
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means  of  a  mrt^  &c.  and  you  will  ftd  a  fiiock^ 
which  will  convince«you  that  the  phial  had  not  loft 
its  charge^  and  will  at  the  fame  dme  prove  diatdie 
charge  does  not  refide  in  the  coating. 

The  illuftration  which  die  preceding  expeiimenti 
afford  to  the  theory  of  a  fingle  ek&ric  fluid  is  lo 
obmus  as  to  require  no  fiirther  explanation.  A 
yaft  number  of  other  experiments  with  the  Leydai 
ptial  might  now  be  added^  whidi^  however^  are  in 
general  only  variadons  of  diofe  which  wc  have  al« 
ready  delcribed.  The  inquifidve  reader  may  6ai 
abundance  of  fuch  experiments  ddcribcd  by  the  lui* 
merous  writen  on  eloftridty* 


[    4"     3 
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CHAP.    VIL 


•r  THE  VAB.IOVS   S0VRCS8  OF   gUCnuciTT* 


HITHERTO  we  have  taken  notice  of  one 
mode  of  producing  eleflricity^  nameljr^  bf 
means  of  inftion ;  and  haye  ftated  its  properties, 
togetber  with  its  moft  rational  theorjr.  But  dec-- 
tridtjr  is  alfo  produced  by  odier  means,  which 
remain  to  be  deicribedi  and  srhich  indeed  are  in* 
rimatdy  concerned  in  feveral  grand  natural  pro« 
ceOcSa 

There  is  hardly  an  operation  of  nature  which  does 
not  produce  Ibme  eleftricity,  or  with  which  eleftri- 
dty  does  not  feem  to  be  in  fome  meafure  concern- 
ed. Probably  all  the  diflPerent  produdions  of  elec« 
tnatf  follow  one  general  law;  however,  for  the 
fiike  of  perfpicuity  it  will  be  neceflary  to  fpedfy  thole 
various  fburces,  befides  fridtion,  and  to  reduce  them 
to  the  following  (pedes. 

I.  Eledlricity  is  produced  by  the  melting  or  by 
the  coagulation  after  liquefadion,  of  ceruin  fub- 
fiances. 

9.  It  is  produced  by  merely  heating  or  cooling 
IcMne  pardcular  bodies. 

1X3  3.  It 
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3*  It  is  produced  by  evaporation  and  by  the  con- 
denfation  of  vapour. 

4.  It  is  to  be  found  in  the  atmofphere  at  all  dmes 

more  or  lefs. 

5.  It  is  yielded  by  certain  animals  5  and,  laiily, 

6.  It  is  pr6duced  by  the  rhere  contaft,  or  by  the 
natupal- iaSEiron  of  eertain  cenduAinjg  bo£es  upon 
each  other. 

We  fhall  defcribe  thofe  different  fources  of  clec- 
^dty  in  thf  fpUowiQg  chapters ;  (Ofnprfhemtlii|[^ 
t}if  fijQi  thrpe  un()^r  the  title  of  ekSfi^ty  prtdutd 
^  mUmg^,  hi^tim^  <»^%j  and nu^ft^imt  1  tbll'4A 
vn^er  (he  title  of  afm^^hmaal  fkllrmtfi  t^  5<b 
vndcr  thf  n^^mc  q(  animal  eliifrmtyi  andthelaft 
vndcF  the  appel)^tioq  oiGnlpMilm^ 

But  previous  to  this  it  will  be  neceflary  to  deicribe^ 
in  the  prefcnt  chapter,  the  principal  methods  thai 
have  been  contrived  for  difcovering  the  prefencc, 
and  for  afcertaining  the  quality,  of  very  fmallquan^ 
titics  of  elcftricity  i  for  fometimesi  the  ^ ledricity, 
vrhich  is  produced  by  the  above-mentioned  fc^rces* 
is  fb  very  fmall  as  to  require  the  utmoft  attention 
and  mechanical  contrivance  on  th^  part  of  the  phi- 
lofophcrt 

The  adion  of  clcftric  atmofpheres  is  the  prifr= 
ciple  which  has  furniihed  the  methods  of  manifcft- 
jng  the  prefcnce  of  fmall  quantities  of  electricity^ 
viz.  of  fuch  quantities  as  of  thcmfclves  could  not 
afied  an  eledrometer  feoGbly. 

Let  an  eledrometer  be  a^e4  to  an  infulat^d 

metallic 
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metallic  plate;  Communicate  fome  electricity  to 
this  ptate^  and  the  elcftromcter,  will  diverge.  In 
diis  ftate  bfing  the  plate  near  a  conductor  not  ih(u- 
lated,  and  you  will  find  that  the  cledrometer  coU 
lapfes  in  proportion  as  you  approach  the  plate  to 
the  uniniblated  condudor.  RenrtoTC  the  eledtrlfied 
plate^  and  the  cledrometcr  will  again  diverge  to  its 
former  degree  very  nearly ;  which  (hews  that  by  the 
i^icinicy  of^he  unmfulated  conducing  body^  which 
codd  eaOly  acquire  the  ebntrary  clearicity,  the  m- 
ieAficy  of  the  eleAricity  in  the  eledlrified  plate  was 
tffftHiiiieid ;  or,  which  is  the  fame  diing,  that  the 
dl{sMi((y  of  that  plate  for  containing  elcdtricity  was 
increajredi  becaufe  in  that  (ituation  a  greater  quan<» 
tkyof  elcftricity  mu(t  be  communicated  to  the  plate, 
in  order  to  raife  the  eleftrometer  to  the  fame  height 
as  when  the  plate  is  not  oppofed  to  an  uninfulated 
conductor. 

It  eafily  follows,  that  according  as  the  conductor 
whidi  is  oppofed  is  larger  or  fmaller,  and  alfo  as  it 
is  nearer  or  farther,  fo  the  capacity  of  the  plate  may 
be  lAcrcafcd  more  or  lefs. 

Now  if  there  be  a  fource  of  clcCtricity  which, 
when  communicated  to  an  elcCtrometcr,  is  too  weak 
to  tfflfeCt  it ;  iet  an  ample  infulated  plate  be  (ituated 
'tttj  near  another  plate  not  infulated,  and  in  that 
ftate  let  the  former  plate  communicate  with  the 
body  which  fornifhes  the  weak  eleCtricity  ;  and  the 
plite  fo  fituaced  will  acquire  a  confidcrable  quantity 
pf  diat  electricity^  which,  wbilft  this  plate  is  oppofed 

2  E  4  to 
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to  the  other^  will  not  affecb  the  eledbfometer  s  but 
if  afcerwards  the  receiving  plate  be  .removed  from 
the  vicinity  of  the  other  plat^: ^  iu  ca{>acity  (ir  ooa* 
taining  elefiiricity  will  be  diminiihedj  and  of  courle 
the  abforbed  ele6i:ricity  will  appear  much  ftronger 
upon  its  furface,  &&•— Such  a  receiviiig  plate  wu 
calkd  a  condenfer  by  Mr.  Volta. 

Farrh( Tj  it  nluft  be  remarked  that  when  a  body  is 
eledbrificc^  if  an  infulated  place  be  broi^t  near  ic^ 
and  in  that  i..ace  be  touched^  for  in(laiice9  ^i^b  a 
finger^  the  place  will  thereby  acquire  the  contrary 
eledricicy.  Now  remove  the  finger^  aUb  reomve 
the  placcj  and  give  its  electricity  to  an  infulated 
body,  as  to  an  electrometer,  by  touching  it  with 
that  plate.;  then  repeat  the  operation,  viz.  bring  the 
fame  plate  near  the  original  eleftrificd  body,  and 
touch  it,  by  which  means  you  can  communicate  to 
it  as  much  eleftricicy  as  before,  which  may  alio  be 
communicated  to  the  fame  eleftrometcr  j  and  thus 
by  degrees  the  eleftrometer  will  be  caufed  to  di- 
verge fuffici^ntly  ;  whereas  the  mere  contaft  of  the 
original  eledrified  body  might  not  be  nearly  fuffi- 
r  ent  ro  affcft  it  fcnfibly.  In  this  cafe  the  eledri- 
c»^  which  is  communicated  to  the  eleftrometer  is 
ev  :r  cly  contrary  to  that  of  the  original  ele&rified 
bv^dy  ,  V  z.  it  will  be  pofitive  if  that  was  negadvCi 
and  vUe  vtrfa. 

Upon   this  principle  the  eledkrophorus  wStS^  i 


-^ 


•  Sec  my  Trcatlfe  on  Ele<aricity,  4th  edition,  vol.  II, 
p.  49,  and  following  s  alfo  p.  244,  and  following, 

and 
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and  upon  this  principle  federal  machines  have  been 
contrived  for  rendering  manifeft  a  fmall  quantity  of 
dedricity  •• 

Before  the  year  17959  I  contrived  a  machine  for 
this  purpofcy  to  which,  by  wayof  diftin£fcioni  I  gave 
the  name  of  Muliipliir  rf  EkiMcity,  and  which* 
after  long  ufe,  leems  (if  the  partiality  for  my  own 
cootrivance  do  nob  deceive  me)  to  anfwer  the  pur^ 
pofc  in  a  manner  more  commodious  and  much  Idk 
equivocal  than  any  other  inftrumcnt  of  the  kind. 
This  machine  is  delineated  in  Plate  XXIII.  fig.  19, 
which  is  about  one*third  of  the  real  fiee/ 

QJIS  is  the  bottom  board,  upon  which  are 
fteadily  fixed  on  the  glafs  fticks  H,  G,  two  flat 
brais  plates,  A  and  C.  B'is  a  fimilar  brafs  plate 
fupported  by  a  glafs  ftick  I,  which  is  cemented  into 
a  hole  made  in  the  wooden  lever  KL.  This  lever 
moves  round  a  fteady  pin  or  axis  K,  which  is 
fcrewed  dght  in  the  bottom  board.   By  movbg  this 


*  Mr.  Beninet's  Doubler  i8  an  ingenious  contrivance  for 
the  parpcte  of  manifcfting  very  faiall  quantities  of  eledbi- 
ditff  which  ads  upon  the  above-mentioned  principle.  It 
was  aftetwards  improved  by  Mr.  Nicholfoii.  But  in  all  its 
ftates  it  is  apt  to  contrad  a  certain  permanent  ele£lricity, 
which  renders  jts  cScSt  equivocal  in  mod  cafes*  See  the 
Pbilofbphical  Tran(a£UonS|  vol.  77  and  78;  alfo  my  Treatife 
on  Eledricity,  4th  edition,  vol.  IIL  p.  76,  and  following. 

See  Mr.  Volta's  Method  in  the  Phil.  TranC  vol.  72,  or 
in  my  Tmtife  as  above,  toI.  IL  page  244,  Sec.  See  alfo 
VcL  UL  psge  91,  &c. 

lever 
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lever  alternately  from  I^  to  X,-and  back  again,  the 
plate B,.  with  the  lever,  may  bb  placed  in  the  two 
ficuatioDs,  viz.  the  fltuation  LIBK^  and  that  which 
is  Ihewn  by  the  dotted  reprefentation  of  the  fame. 
N  is  a  thick  brafs  wire  fixed  dghr  into  the  bocsom 
board.  O/n  is  a  crooked  wire  that  proceeds  from 
die  brafs  focket  on  the  back  of  the  plate  B. 
<  Tiiere  is  like  wife  a  fourth  brafe  plate  D»  fionilar 
to  the  others,  which  is  fupported,  not  by  glafi,  but 
by  a  wire ;  and  this  wire  is  fcrewed  fall  to  an  oblong 
piece  of  brafs  F  P,  which  Aides  in  a  groove  made 
for  the  purpofein  the  bottom  board.  Q^RS;  fo  that 
by  applying  a  finger's  nail  to  the  notch  at  the  end 
F>  the  Aiding  piece  F  P  may  be  drawn  out  either 
entiirly  or  to  a  certain  length,  and-  of  courfe  die 
plate  D  will  be  removed  to  any  required  diftance 
from  the  plate  C.  Wlien  F  P  is  pufhed  quite 
home,  the  plate  D  ftands  parallel  to  C,  and  at 
^  th  or  an  inch  diftance  from  it. 

The  parts  of  this  inftrument  are  fo  adjufted,  as 
that  when  the  lever  is  in  the  fltuation  of  the  fliaded 
part  of  the  figure,  viz.  is  puQied  as  far  as  it  can  go 
towards  Q,  then  the  plate  B  comes  parallel  to  the 
plate  A,  and  at  about  -^\,th  of  an  inch  diftance  from 
ic.  At  the  fame  time  the  extremity  of  the  wire  Om 
juft  touches  the  fixed  wire  N,  and  of  courfe  renders 
the  plarc  B  uninfulated.  But  as  foon  as  the  lever 
begins  to  move  towards  S,  the  communication  of 
the  ^late  B  wicli  the  wire  N,  or  with  the  ground^ 
is  inccrrupted,  and  B  remains  infulatcd.  When  the 
3  lever 
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Jeirfrr  ha&been  nnovcd  as  far  as  ic  can  go  towards  Sithe 
%fW  IP  comes  in  ccyicaft^with  the>.pUtt  C^  as  is  (hewn 
l>y  t;he batted  pare  of  che  figure.  Then  the.cwo 
p)i|D($  &  and  C  communicate  with  each  others  but 
ihf y  im  othcFwife  infulated. 

Whw  Uus  inftrument  is  fituated  in  the  iri^noer 

"mhvcik  U.  indicated  by  the  Ibaded  part  of  ihe  S^wOy 

che.plMe  A  has  its  capacity  for  eledricicy  iacre^fcd 

hf  the  proximity  of  (be  iininfulated  plaoe  B  :  hence 

At  if  it. be  caufed  to  touch  a  body  weakly  ele6bifieds 

«yiU^aa)gife  a  greater  quantity  of  ele<5ljficity  from  it 

sfaaD:  i(  woMld  otberwife  do.    Now  fi^ppofe.  that  A 

has  m^mx^  a  frhaU  quantity  of  etecb-icitjr,  for  in- 

ftance^  politive  (fince  by  changing  the  words  pofi* 

Wtify[  negative^  and  via  ver/a,  the  following  expla- 

Wtioa  is  applicable  to  the  cafe  in  which  A  is  dec* 

Qified  negatively) ;  then  B  wiU  acquire  the  nega*, 

tiva  elcdricity.    On  moving  the  lever  L,  the  com* 

mimication  between  B  and  the  grounds  or  the  wireN, 

is  dUcontinued,  and  B  remains  infulated  and  deftri* 

fic4  Begative^«    With  this  eleAricity  B  is  carried 

towacda  C^  until  the  wire  «y  touches  the  plate  C, 

and  then  the  negative  electricity  of  B  will  pals  aU 

moft  entirely  tQ  C>  bccaufe  the  capacity  of  C  for 

holding  eledricity  is  confiderably  increafed  by  the 

proximity  of  the  uninfulated  plate  P.    If  afcer  this 

the  lever  be  moved  back  to  its  firft  fituation^  B  will 

be  made  negative  a  fccond  time  as  before ;  and  by 

pufhing  the  lever  again  towards  Sj  that  fccond 

charge  of  negative  elcftricity  will  be  communicated 

from 
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Melted  fulphur  poured  into  a  metal  cup^  and 
there  left  to  cool,  (hews  no  figns  of  eleftridtf 
ivhilft  (landing  in  the  cup ;  but  if  they  be  fcporatdi 
then  they  will  both  appear  (Irongly  eleftrified,  die  |t 
fulphur  poHtive,  and  the  cup  negative.  If  the  ful- 
phur be  replaced  in  the  cup,  every  (5gn  of  defiri- 
city  will  vanifli ;  but  if,  whilft  feparate,  the  deSri- 
city  other  of 'the  cup  or  of  the  fulphur  be  takes 
off*;  then  on  being  replaced  they  both  wiU  vpgtu 
po(refied  of  that  eledtricity  which  has  not  bcco  taken 
off: 

Melted  wax,  being  poured  into  glafs  orwoodi 
acquires  the  negative  eleftricity,  and  the  gla(s  or 
wood  becomes  po{itive.  Bur  feJtling-^rax,  poitotd 
into  a  fulphur  veflfel,  acquires  the  po(itive  dcftri- 
city,  and  leaves  the  fulphur  negative. 

Chocolate  frefli  from  the  mill,  as  it  cools  ift  the 
tin  pans  in  which  it  is  received,  becomes  ftronglf 
eleftrical.  When  turned  out  of  the  pans,  it  re- 
tains this  property  during  a  certain  time,  but  bfcs 
it  prefcndy  by  handling.  By  melting  it  again  in 
an  iron  ladle,  and  pouring  it  into  the  tin  pans  as  at 
firft,  you  may  renew  its  power  once  or  twice ;  hot 
when  the  mafs  becomes  very  dry  and  powdery  in 
the  ladle,  the  ekftricity  is  no  longer  revived  by 
fimple  melting;  but  if  then  a  little  olive  oil  be 
added,  and  be  mixed  well  with  t:ie  chocolate  in 
the  ladle,  and  be  afterwards  poured  into  the  tin 
pans,  as  at  firft,  it  will  be  found  to  have  completely 

recovered 
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ecovered  its  eledricd  power,  ivfaich  continues  a 
lonfiderable  limc  *. 

The  property  of  becoming  elcftrificd  merely  by 
leating  or  cooling,  was  firfl:  obferved  in,  and  is 
:minencly  poflelTed  by^  an  bard  pellucid  done  called 
wrmoHn^  which  is  generally  of  a  deep  red,  or  pur* 
>lej  or  brown  Yrolour;  which  feldom,if  ever,  exceeds 
lie  fize  of  a  fmall  walnut ;  and  which  is  found  in  fe- 
deral parts  of  the  Eaft  Indies,  efpecially  in  the  ifland 
>f  Ceylon ;  but  on  farther  examination  it  has  been 
ibund  that  feveral  other  precious  ftones,  and  efpc- 
nally  the  Brafiliari  emerald,  poffefs  the  like  proper- 
tici  aiore  or  lefs  :  hence  the  following  particulars, 
irhich  have  been  principally  obferved  with  the  tour- 
EoaltOj  muft  be  underftood  to  belong  likewife  to 
moft  other  precious  ftones* 

I.  The  tourmalin,  while  kept  in  the  fame  tem- 
perature, fhews  no  ligns  of  eledtricity  3  but  it  will 


♦  Rcfinous  or  oleaginous  elc£irics,  when  once  excited, 
retain  their  electric  power  for  a  very  confiderable  time, 
(bmetimes  for  feveral  dap.  But  that  power  gradually  di- 
minifhes,  and  at  laft  vanilhes  \  nor  do  we  know  of  any 
•IvAric  which  retains  the  eledric  virtue  as  permanently  as 
die  magnet  retains  its  magnetic  power. 

When  a  ftick  of  glafs,  or  of  fulphur,  and  efpecially  of 
fealing-wax,  is  broken  into  two  pieces,  the  extremities 
vhich  were  contiguous,  will  generally  be  found  elefirified, 
one  pofitive  and  the  other  negative.  This  is  probably  oc- 
caiioned  by  the  rufhing  in  of  the  air,  which  may  produce  a 
light  friSiou.  ^ 

become 
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become  elcftrical  by  increafing  or  diminilhing  its 
heat,  and  ftronger  in  die  latter  circumftance  than  m 
the  Former.  A  very  trifling  alterauon  pf  temper- 
ature is  often  fufficient  to  produce  the  effeft. 

2.  Its  eledricicy  does  not  appear  all  over  its  fur- 
face,  but  only  on  two  oppofite  iides  of  it,  which 
may  be  called  its  poles,  and  which  always  are  in  one 
right  line  with  the  centre  of  the  ftone>  v  and  in  the 
direAion  of  its  ftrata ;  in  which  direction  the  fl:one 
is  abfolutely  opaque,  though  in  die  other  it  is  icmi* 
tranfparent. 

3.  Whilft  the  tourmalin  is  heating,  one  of  its 
fides  (call  it  A)  is  eledriHed  plus,  or  pofitive,  and 
the  other>,  B,  minus;  but  when  cooling,  A  is 
minus,  and  B  is  plus.  Hence,  if  one  fide^  c^  the 
fione  is  heating,  whiift  the  other  is  cooling,  then 
both  fides  will  acquire  the  fame  elcftricity ;  or  if 
one  fide  only  changes  its  temperature,  then  that  fide 
only  will  appear  elcdrified, 

4.  If  this  ftonc  be  heated,  and  fufFercd  to  cool 
without  cither  of  its  fides  being  touched,  then  A  will 
appear  pofitive,  and  B  negative,  all  the  dme  of  its 
heating  and  cooling. 

5.  This  ftone  may  be  excited  by  means  of 
fiiftion  like  any  other  eledlric,  and  either  of  its  fides, 
or  both,  may  be  rendered  poiitive. 

6.  If  the  tourmalin  be  heated  or  cooled  upon 
fome  other  infulated  body,  that  body  will  be  found 
cledlriBed  as  well  as  the  (lone  \  but  it  will  be  found 

poflefied 
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^^(Icd  of  the  elcftricity  tontrary  to  that  of  the 
trontjguou's  fide  of  the  ftone. 

7.  The  elcftricity  of  either  fide,  or  of  both,  may 
be  rcverfcd  by  heating  or  cooling  the  tourmalin  in 
contaft  with'  various  fubftance s,  fuch  as  the  palm 
of  the  hand,  a  piece  6f  metal,  Sec. 

8.  Thofe  properties  of  the  tourmalin  are  alio 
cbfervable  in  vacuo,  but  not  fo  ftrong  as  in  th« 
open  air. 

5."  If  a  tourmalin  be  cut  into  feveral  parts,  each 
piece  will  have  its  pofitivc  and  negative  poles,'  cor- 
refponding  to  the  pofitivc  and  negative  fides  of  the 
original  ftone. 

I  a  If  this  ftbrie  be  covered  all  over  with  fomc 
deftric  fubftance,  fuch  as  fealing-wax,  oil,  &:c.  ic 
Hfill  in  general  fl^ew  the  fame  properties  as  with'* 
out  it* 

It.  A  vivid  light  appeirs  lipoh  the  tourmalin^ 
whilft  heating  in  the  dark,  and  by  a  little  attention 
one  may  be  cifily  enabled  by  this  light  to  diftin* 
guiOi  which  fide  of  the  ftone  is  pofitive,  and  which 
negative.  -  Sometimes,  when  the  ftone  is  ftrongly 
excited,  pretty  ftrong  flaflies  may  be  feen  in  the 
darky  to  go  from  the  pofitive  to  the  negative  fide 
efitv 

1 2.  Laftly,  it  has  been  found  that  with  refpeft 
to  the  eleftric  properties^  the  tourmalin  is  fome- 
tifpeS' injured  by  the  aftion  of  a  ftrong  fire,  at  other 
times  is  improved,  and  fometimes  is  not  at  all  al* 
tcrccT  by  it. 
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The  evaporation  of  water^  as  alfo  of  fomc  othdf 
fluids,  produces  eleiftricity,  viz.  thofc  bodies  froitf 
which  the  water  lias  departed,  will  remain  in  a  ne- 
gative  {late  of  eleflricity,  indicating  that  the  water 
by  its  converfion  into  vapoUi*  has  its  capacity  for 
the  eledtric  fluid  increafed,  as  it  has  its  capacity  in-« 
ereaicd for  containing  heat*.  But  though  the  zScdt 
is  in  general  fuch  as  has  been  naentioned  above,  yet 
there  are  two  exceptions  which  involve  the  fubjeft 
ih  fome  difficuk/j  and  wRich  will  require  farther  tt- 
perinrients  and  confideration. 

The  exceptions  are,  ift,  that  if  water  be  ev;^x>* 
rated  by  being  put  in  contad  with  a  red-hot  piece 
oi'  pieces  of  very  rufty  iron,  it  will  leavt  the.  iron 
eledlrified  pofitively ;  whereas>  if  the  iroa  be  noC 
rudy,  the  evaporation  of  the  water  from  its  flirfacc 
will  leave  it  eleftrified  negatively  f  •  sdly.  If  water 
be  evaporated  by  throwing  into  it  impure  red-hoc 
glafs  (fuch  as  the  green  glafs  of  common  bottles) 
the  veflel,  or  the  remaining  water,  will  be  ele^lri- 
ficd  pofitively  J. 


♦  Mr.  Volta,  who  made  this  rcm^irkablc  difcovery,  like- 
wife  obferved,  that  the  fimplc  combuftion  of  coals,  as  alio  the 
cfFervefcence  of  iron  Rlings  and  diluted  fulphuric  acid  produce 
the  fame  efied  ;  which  is,  in  all  probability,  owing  to  the 
tvaporation  which  attends  tho(c  p  roc  dies. 

t  Sec  Jof.  Gardenii  DiiTcrt.  cc  £lcclrici  ignis  natura^ 
p.  124. 

X  Sec  my  Trcatife  on  £lc£lricicy,  4th  edition,  vol.  Ill* 
p.  274, 

Thi» 
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This  curious  produclion  of  cicftricity  by  cvapo- 
Vation,  as  alfo  the  production  of  elcdricity  by  the 
tondenlatioH  of  vapour,  may  be  ealily  obferved  ia 
the  following  manner : 

Place  a  nietallic  cup,  or  a  pewter  plate,  upon  an 
infulating  ftand,  and  conned  a  fenfible  eledtromecer 
with  ic  Alfo  place  one  or  two  lighted  coals  in  the 
cup  or  plate ;  then  pour  a  little  water  at  once  upon 
the  coal  or  coals,  which  will  produce  a  quick  eva- 
poration, accompanied  with  a  great  hifllng  noife, 
and*  ac  the  fame  time  the  eledbrometer  will  diverge 
with  negative  electricity. 

If  die  ileaiti>  which  iffues  copioufly  from  water 
quickly  boiling,  be  received  under  a  pretty  large 
and  infulatied  mets^lic  plate,  that  plate,  by  the  con- 
deniadon  of  the  fteam  upon  it,  will  be  eledtrified 
pofitiveiy,  as  may  be  afcertained  merely  by  con- 
necting a  fenfible  electrometer  with  it. 
'  On  throwing  a  variety  of  other  fubftances  upon 
adually  burning,  or  Only  hot  and  infulated,  coals» 
the  coals,  &c.  cither  Ihewed  negative  eleftricity,  or 
tio  eledbncity  at  all.  Either  fpirit  of  wine.  Or  ether 
when  thus  treated,  left  the  coals  negative  ;  but  if^ 
(the  coals  being  fufficiently  hot)  the  fpirit  of  wine 
or  die  ether  took  fire>  and  burned  in  their  ufual 
Wayi  then  no  ekdlricity  was  produced 
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ATMOSPHERICAL   ELECTRICIXr.- 


THE  memorable  year  1/51*  produced  the  rc^ 
markable  difcovery  of  the  identity  of  light- 
ning and  electricity,  which,  previous  to  that  year/ 
had  only  been  fulpefted  by  philofopllcrs. 

The  fimilarity  of  lightning  to  artificiisj  ele6bicity 
is  not  to  be  remarked  in  a  few  appearances  only, 
but  is  obfervable  throughout  all  their  numerous 
efFefts ;  and  there  is  not  a  fingle  phenomenon  of 
the  one,  which  may  not  be  imitated  by  the  other. 
Lightning  deftroys  edifices,  animals,  trees,  &c.— 
Lightning  ^oes  through  die  beft  conduftors  in  its 
way  5  and  if  its  paflage  be  obftrufted  by  eleftrics, 
or  lefs  perfedV  conduftors,  it  rends  and  difperfcs 
them  in  every  direftion ;  —  lightning  burns  com- 
buftible  bodies; — it  melts  metals; — a  ftroke  of 
lightning  often  difturbs  the  virtue  of  a  magnet,  and 
gives  polarity  to  ferruginous  fubftances;  and  all 
thefe  effefts  may  be  produced  upon  a  much  fmallcr 
fcale  by  means  of  artificial  eledhricity.  But  inde- 
pendent of  the  great  fimilarity  between  the  effcds 

of 
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cF  lightning  and  thofc  of  clearicity,  what  fully 
proves  their  identity,  is,  that  the  matter  of  lightning 
may  be  aftually  brought  down  from  the  clouds  by 
means  of  infulatcd  metallic  rods,  or  of  eleftrical 
kites,  and  with  it  any  known  clcdtrical  experiment 
may  be  performed. 

Clouds,  as  well  as  the  rain,  fnow,  and  hail,  which 
fall  from  them,  alfo  fogs,  are  almoft  altvays  eleftri- 
fied,  but  ofteher  negatively  than  pofitively  j  and  the 
lightning,  accompanied  with  the  thunder,  is  the 
effedb  of  the  eleftricity,  which,  darting  from  a 
cloud,  or  a  number  of  clouds  highly  eleftrificd, 
ftrikes  into  another  cloud,  or  elfe  upon  terrcftrial 
objefts  J  in  which  cafe  it  prefers  the  lofcieft,  moft 
pointed,  and  bed  condu6ting  objedts  \  and  by  this 
ftroke  it  produces  all  thofe  dreadful  effeds,  which 
arc  known  to  be  produced  by  lightning. 

The  air,  at  fomc  diftance  from  houfes,  trees, 
mails  of  (hips,  &c.  is  generally  deftrified  almoi^ 
always  pofitively,  efpecially  in  frofty,  clear,  or  foggy 
weather;  but  how  the  air,  the  fogs,  and  the 'clouds 
become  eieftrificd,  has  not  yet  been  fully  and  clear- 
ly afcertained.  The  moft  probable  conjcfture  is 
grounded  upon  the  effefts  of  the  evaporation  of  wa- 
tery fluids^  and  the  condenfarion  of  vapour ;  but  we 
ifaall  in  the  firft  place  defcribe  the  inftruments  that 
arc  moft  ufeful  for  difcovering  this  eleftricity  j  then 
fhali  ftate  the  principal  fafts  which  have  been  ob- 
fcrved  ^ith  refpeft  to  this  atmofpherical  eleftricity; 
and  (hall,  laftly,  fubjoin  the  moft  plaufiblc  explana- 

p  F  3  tion. 
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tion,  together  wkh  the  advantage  which  is  denyc(| 
from  the  knoy?Iedge  of  the  fubjedt. 

My  eleftrometer  in  a  phial,  which  has  been  al- 
ready defcribed  (p.  39a)  is  the  bcft  portable  inftru- 
ment  for  this  purpofc ;  for  if  you  bold  this  eledtro- 
mcter  by  its  lower  part,  and  raife  it  juft  above  the 
level  of  your  head  in  the  open  air,  iiyhen  the  'air  is 
ilrongly  eleftrificd,  or  in  a  fog,  or  when  eledtrific^ 
clouds  are  over  heacj,  and  fometimes  even  when 
they  are  a  little  way  above  the  horizon  j  the  diver- 
gency of  the  eleftrometer  will  announce  the  pre- 
cnce  of  cleftricity,  and  by  the  approach  pf .  an  ex- 
cited ftick  of  fcaling-wax,  or  of  any  other  eleftric, 
you  may  cafily  determine  whether  the  eleftricity  be 
pofitivc  or  negative  ;  obferving  that  the  eleftricity 
of  the  eleftrometcr  in  this  cafe  is  the  contrary  of  that 
of  the  clouds  or  fog :  but  if  the  eleftromcter  be  elec- 
trified by  the  rain,  or  fnow,  or  hail,  falling  upon  it; 
then  the  eledtricity  of  the  rain,  &c.  is  the  fame  as 
that  of  the  cledrometcri  for  in  the  latter  cafe  the 
eleftrometcr  is  clcflrified  by  the  contad,  but  in  the 
former  cafe  it  is  eleftrified  by  the  adtion  of  eledbric 
atmofphere.     See  pages  353  and  359. 

When  the  eleftricity  of  the  air  is  not  fo  ftrong  as 
to  be  difcovered  by  this  inftrument,  then  an  eleCtro- 
rneter  mud  be  extended  farther  out  into  the  air. 
For  this  purpofe  I  have  long  ufcd  the  following  mod 
con^nodious  inftrument  or  atmofpherical  eleftro- 
meter. 

AB,  fig.  18,  Plate  XXIII.  is  a  common  jointed 

fUhing* 


Atmr>Jj^eri€al  EleBricUy*^  43  j 

Hfhing-rod,  wanting  the  laft  or  fmalleft  joint.  Frbnn 
tlic  extremity  of  this  rod  proceeds  a  flender  glals 
tube  or  glaft  ftick  C,  which  is  covered  with  fcaling- 
wax,  and  has  a  cork  D  at  its  extremity,  to  which  a 
cork-ball  eleftrometer,  E,  is  fufpended.  HGI  is  a 
piece  of  common  pack-thread,  fattened  to  the  rod 
at  A,  and  fupportcd  at  G  by  a  fliort  firing  FG. 
At  the  extremity  I  of  the  pack-thread,  a  pin,  or 
pointed  wire,  is  fattened,  which  when  puttied  into 
the  cork  D,  renders  the  cleftrometer  E  uninfu-^ 
Jated. 

When  I  wifli  to  obfervc  the  eleftrieity  of  the  at- 
mofphere  with  this  inftrument,  I  thruft  the  pin  I  into 
the  csork  D,  and  holding  the  rod  by  its  lower  end  At 
I  projeft  it  out  from  an  upper  window,  raifing  the 
end  B  widi  the  eleftrometer,  (b  as  to  make  an  angle 
of  about  50*  or  60%  with  the  horizon.  In  thi$ 
fituation  I  ketp  the  inftrument  for  a  few  feconds  \ 
Chen  pulling  the  pack- thread  4t  H,  I  diftngage  the 
pin  from  the  cork  D  j  which  operation  caufcs  the 
firing  to  drop  in  the  dotted  tttudtion  HK,  an4 
kaves  the  eleftrometer  poflcflcd  of  the  eleftrici^ 
contrary  to  that  of  the  atmofphere. — This  done,  | 
draw  the  inftrument  within  the  room,  and  examine 
the  quality  of  the  elcftricity,  without  any  obflxuftioq 
cither  frpm  wind  or  darknefs. 

If  any  perfon  wifli  to  obfcrve  the  eleftricity  of 
the  rain,  he  may  either  occattonally  ufe,  or  have  al- 
ways fixed,  a  rod  or  an  afTemblage  of  wires  round 
ft  rod  cpvcrpd  with  fealing-wax»  cemented  into  a 
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glafs  tube,  by  which  it  may  be  cither  held  in  the 
hand  occaGonally,  or  may  be  permanently  fixed 
within  a  room,  and  projefting  about  two  or  three 
feet  out  qf  a  window  ;  for  which  purpofe  either  the 
window  mull  be  opened  occaOonally,  or  the  rod 
muft  pafs  through  a  hole  fgfficieotly  large.  To 
that  end  of  this  rod  which  is  within  the  Foom^  an 
eleftrometer  mult  be  attached,  and  it  will  fre- 
quendy  happen,  that  when  it  rains>  and  the  rain 
falls:  upon  the  projefting  part  of  th^  rod,  tbe  elec- 
trometer at  its  internal  extremity  is  eleftrified. 

But  an  infulated  wooden  rod,  with  ft  wire  round  it, 

• 
lind  projefting  about  1 5  or  1 6  feet  aboye  the  hoofe^ 

will  anfwer  every  purpofe;  for  a  wire  proceeding 
from  this  rod  may  be  fnade  to  communicate  with 
an  clcftrometcr  within  the  room,  where  the  intenfity 
as  well  as  the  quality  of  the  eleftricity  may  be  ob- 
fervcd.  Such  a  rod  however  is  very  dangerous  in 
time  of  a  thunder  ftorm.  In  order  to  avoid  the 
danger,  a  conducing  communication,  viz.  a  ball 
of  brafs  fliould  be  placed  at  about  twQ  inches 
dxftancc  from  the  rod,  and  a  thick  wire  (hould  be 
carried  from  this  ball  to  the  ground  or  to  the  pump, 
&c.  in  order  that  if  a  large  quantity  of  cleftricity 
from  a  cloud  ftrike  the  rod,  that  elcftricity  may  be 
conveyed  by  the  wire  to  the  ground,  without  hurt- 
ing the  by-ftanders  ♦.  Wheij 

*  For  the  conftruftion  of  fuch  a  rod,  fee  Mr.  J.  Read's 
Summary  f^iew  of  the  Jpontaneous  EUflricity  of  the  Earth 

find  Atmofphin^    Loudon  1793. 
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When  the  ckaricity  of  the  air,  or  rain,  &c.  i? 
too  weak  to  be  difcovered  by  thofe  inftrument^ 
then  my  multiplier  may  be  ufed  in  conjunction  widi 
any  of  them  j  or  the  cle(5bricity  of  the  atmofpherc 
may  be  diicovered  by  means  of  an  eledtrical  kite  ; 
which  is  nothing  more  than  a  common  paper  kite^  . 
fgch  as  is  ufed  by  children,  only  having  a  ftring 
which  is  rendered  a  better  conductor  by  having  a 
(lender  wire  through  it.  The  paper  of  the  kite 
ihould  likewlfe  be  covered  with  drying  linfeed  oil, 
in  order  to  defend  it  from  the  rain. 

A  kite  of  about  four  feet  in  height  is  the  mod: 
commodious  for  this  pur^ofe.  The  ftring  is  the 
moft  material  part  of  this  apparatus;  for  according 
as  the  ftring  is  longer  or  (horter^  a  better  or  a  worfe 
fondudor,  fo  is  the  eledricity  which  h  brought 
down  by  it  ftronger  or  weaker.  The  kite  only 
fervcs  to  keep  the.  ftring  up  into  the  atmofphere. 
After  a  variety  of  trials  the  beft  ftring  proved  to  be 
one  which  I  made  by  twitting  a  copper  thread,  {y\z. 
fuch  as  is  ufed  for  trimminors,  &c.  in  imitation  of 
gold  thread,  which  is  nothing  more  than  filk  or  linen 
thread  covered  over  with  a  thin  limina  of  copper) 
vith  two  very  thin  thready  of  twine. 

When  the  kite  is  flying,  the  lower  pact  of  the 
firing  muft  be  infulated  by  means  of  a  filk  ftring  of 
about  two  or  tjirec  feet  in  length,  or  by  means  of  a 
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The  famous  Fr.  Beccaria  ufed  a  long  chord  extended 

0e  atmofpherc  between  two  houfes.    Sec  his  £leSf icity. 
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glafs  fticfc,  &c. ;  then  at  the  lower  extrertiity  of  the 
firing  you  may  not  only  eleftrify  an  elcftromctcri 
but  you  may  alfo  draw  fparks^  or  charge  a  L^yden 
phial,  &c.  and  that  at  every  hour  of  the  day  or 
Bight^  and  at  all  times  of  the  year,  dnd  will  feldom 
fail.  The. reader  is  reque(lcd  to  obfervc  and  to 
remember,  that  this  kite  is  dangerous  during  i| 

It  appears,  !•  That  there  is  in  the  atmofphere,  at 
all  times,  a  quantity  of  eleAricity  i  for  whenever  I 
ufc  the  above-defcribed  fifhing-rod-eleftrometer  in 
an  open  (ituation,  it  always  acquires  fome  eleftri? 
city,  and  that  cledricity  is  always  of  the  fame  kind, 
viz.  negative  j  which  (hews  that  the  eleftricity  of 
the  air  or  of  fogs,  is  almoft  always  pofitive,  ex- 
cept when  the  inftrumcnt  is  influenced  by  clouds 
Dear  the  zenith. 

2.  That  the  ftrongefl:  eleftricity  is  obfervablc  in 
thick  fogs,  and  likewifc;  in  frofty  weather  j  but  the 
weakcft,  when  the  weather  is  cloudy,  warm,  and 
very  near  raining ;  but  it  docs  not  feem  to  be  Icfs 
at  night  than  in  the  day  time. 

3.  Th^t  in  a  more  elevated  place  the  eledricity 
is  generally  ftrongcr  than  in  a  lower  one.  Thus  I 
have  often  obferved  the  eleftrometer  to  diverge 
rnore  in  the  iron  than  in  the  (lone  gallery  on  the 
putfide  of  the  cupola  of  St.  Paul's  cathedral. 

4.  That  the  rain,  fnow,  and  hail,  are  more  or 
lcf$,    but  almoft  always  elcdlrified,   much    more 

(requcndy 
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frequently  with  negative  than  with  polGtive  dec? 
iricity. 

After  a  vaft  number  of  experiments  with  ek&ri- 
cal  kites  during  upwards  of  two  yearSj  I  was  enabled 
to  form  the/ollowing  conclulions ; 

1.  The  air  appears  to  be  eleftrified  at  all  times  i 
its  clcdricity  is  conftantly  pofuive,  whctbef  by  day 
or  night,  and  much  ftronger  in  frofty  than  in  warni 
weather.  My  experiments  have  been  made  in  every 
degree  of  temperature  between  ^5^and  8o». 

2.  The  prefence  of  clouds  generally  lefiens  the 
^ledriclty  of  die  kite  j  fometimes  it  has  no  cffcdt 
upon  it^  and  feldom  increases  it. 

3.  During  rain  the  eledtricity  of  the  kite  is  genc-^ 
rally  negative,  and  feldom  pofitive. 

4.  The  aurora  borealis,  or  northern  light,  does 
not  appear  to  affcft  the  ele&ricity  of  the  kite. 

.  5.  The  fpark  taken  from  the  ftring  of  the  kite, 
or  from  any  infulated  conductor  which  is  conne£le4 
with  it,  efpecially  when  it  docs  not  rain,  is  very  fel- 
dom longer  than  a  quarter  of  .an  inch ;  -but  it  is  re- 
markably  pungent;  fo  that  the  operator  will  fre- 
quently feel  the  efFcdt  of  it  even  in  his  legs^  ic 
appearing  more  like  the  difcharge  of  an  eleftric  jar 
than  like  the  fpark  which  is  taken  from  the  prime 
condu<5tor  of  an  eledbrical  machine. 

6.  The  eledlricity  which  is  brought  down  by  the 
(Iring  of  the  kite  is,  upon  the  whole,  ftronger  or 
weaker,  according  as  the  ftring  is  longer  or  fliorter ; 
but  it  does  not  keep  any  exa£t  proportion  to  it ;  for 

•  inftance. 
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inftancCj  the  deftricity  from  a  ftring  of  an  lOO  yards 
may  raifc  the  index  of  a  quadrant  eleftrometer  20% 
Whereas  with  double  that  length  of  ftring  the  index 
will  not  rife  higher  than  about  25\ 

7.  When  the  weather  is  damp;  and  the  eleftricity 
is  pretty  ftrong^  the  index  of  the  eleftrometer,  after 
taking  a  fpark  from  the  ftring,  or  prefenting  the 
knob  of  a  coated  phial  to  it,  rifes  with  furprifing 
quicknefs  to  its  ufual  degree ;  but  in  dry  and  warm 
weather,  it  rifes  remarkably  flowly. 

After  the  difcovery  of  the  idenrity  of  elcftridtjr 
and  the  matter  of  lightning,  as  alfo  of  the  conftant 
cxiftence  of  cleftricity  in  the  atmofphere,  philofo- 
phers  endeavoured  to  attribute  fome  other  atmoP 
pherical  and  even  terreftrial  phenomena  to  the  agen- 
cy  of  elc6lriciry.  Thus  the  accenfions,  commonly 
CdWtdi  falling  flars  or  Jhcotingftars  i  meteors,  water- 
f|>outs,  hurricanes,  whirlwinds,*  &c.  have  been  con- 
iidered  by  fcvernl  pcrfons  as  being  elcftrjcal  phcno- 
jTxena;  but  of  this  we  have  no  pofitive  proofs. 

The  aurora  borealis^  or  northern  light,  fcems  moft 
likely  to  be  an  eledrical  phenomenon  j  and  this  on 
two  accounts,  viz.  firft  begiufe  a  magnetic  needle 
appears  a  little  difturbed  at  the  time  of  a  ftrong  au- 
rora borealis  \  and  fecondly,  becaufe  the  aurora  bo- 
realis  may  be  partly  imitated  by  means  of  artificial 
eledricity  *. 

Take 

*  The  aurora  bcrcalis  is  a  phciiomfnon  pretty  well 
Jcnown  to  the  prcfcnt  generation  throughout  Europe  at  Icaft. 

It 
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Take  a  glafs  phial  nearly  of  the  (hape  and  fizs 
of  a  Florence  flaflc ;  fix  a  ftop-cock/or  a  valve  to  its 
neck,  and  cxhauft  it  as  much  as  you  can  by  means  . 
of  a  good  air-pump.  If  then  this  glafs  be  rubbed 
after  the  manner  commonly  ufed  for  exciting  elec- 
trics, it  will  appear  luminous  within>  being  full  of  a 
flalhing  light,  which  plainly  refembles  the  aurora  &• 
realis.  THis  phial  may  alfo  be  rendered  lyminous^ 
if,  holding  it  by  either  end,  you  bring  its  otiier  end 
to  the  prime  condudlor  j  in  this  cafe  all  the  cavity* 
of  the  glafs  will  inftantly  appear  fuU  of  light,  which 
may  be  fcen  flalhing  in  it  for  a  confiderable  time 
after  it  has  been  removed  from  the  prime  conduc- 
tor, efpecially  if  it  be  touched  with  the  hand.  This 
eSe£t  is  eafily  deduced  from  the  conducing  nature 
of  the  vacuam,  and  from  the  charging  and  difcharg- 
ing  of  the  glafs. 

The  moft  plaufible  rriode  of  accounting  for  the 
cleftricity  which  is^conftandy  to  be  obferved  in  the 
atmofphere,  and  which  accompanies  the  clouds,  the 
fogs,  the  rain,  or  that  of  thunder  ftorms,  is  to  derive 
it  from  the  evaporation  of  water,  and  from  the  con- 


It  is  a  lambent  or  flalhing  light,  which  confifls  of  feparatc 
corufcations  feen  at  night  in  fome  periods  more  often  than  in 
other.  They  dart  quickly  from  one  part  of  the  (ky  to  ano- 
ther; they  have  different  intenfitics  and  different  tints. 
Sometimes  thofe  corufcations,  when  ftrong,  are  accompanied 
with  a  fort  of  crackling  noife  didincUy  audible,  as  I  remem* 
ber  to  ha?c  heard  it  more  than  once. 

« 

dcnlatioa 


4.46      '  Atmoffhcrical  EleSlricity. 

denfatioh  of  vapours.  For  though  the  dcaricitj^ 
which  is  thus  produced^  may  at  firfl  light  appear 
too  fmall ;  yet  if  wc  confider  that  thofe  procefies 
are  continually  carried  on,  both  upon  the  furfacc  of 
the  earth  and  in  the  atmofphcre>  wc  may  eafily  ac- 
knowledge  the  fufficiency  of  it. 

When  the  vapours  depart  from  the  earth,  they 
carry  away  a  much  greater  quantity  of  the  clc&ric 
fluid,  than  they  had  when  in  the  form  of  water,  and 
which  they  have  derived  from  the  earth.  Now  if 
thole  vapours,  as  they  afcend  in  the  atnru)iphcre> 
become  more  rarefied,  then,  as  they  have  no  bodies 
at  hand  from  which  they  can  derive  .the  clcdric 
fluid,  which  is  required  for  their  increafed  capacity^ 
rfiey  muft  appear  clcftrified  negatively.  On  the 
contrary,  if  thofc  vapours  are  condenfed,  then  their 
capacity  for  the  elcftric  fluid  being  diminiflicd,  they 
muft  appear  eleftrified  pofitivcly.  Bcfides,  a  cloud 
highly  eledtrificd  may  eafily  induce  the  contrary 
eledricicy  in  another  contiguous  cloud.  From  thofc 
caufes  a  variety  of  particular  accumulations  of  pofi- 
tive  or  negative  elcftricity,  or  of  changes  from  the 
one  to  the  other  may  be  eafily  conceived,  apparently 
fuiBcicnt  to  account  for  the  phenomena  of  atmofphc- 
rical  cleftricity. 

One  of  the  greateft  advantages  which  mankind 
has  derived  from  the  knowledge  of  this  branch  of 
philofcphy,  is  a  defence  for  houfes,  (hips,  &c.  againft 
the  fatal  cfFcfts  of  the  lightning.  It  was  propofed 
by  Dr.  Franklin  to  erc6t  an  iron  rod^  or  a  wire  of 
♦  *ny 
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txif  metal  on  the  cop  of  a  houfc>  and  Co  carry  che 
communicacioQ  by  means  of  good  condudors  of 
dedkricicy,  from  chat  rod  down  co  the  ground ;  for 
fince  the  lightning  generally  ftrikes  the  moft  ele* 
vaced  condu£l:ors>  through  which  it  pajlfes  co  the 
earth,  it  was  natural  to  fuppolib  that  the  houfe  dius 
furnifhed  with  a  condudor»  would  be  defended  &om 
the  pernicious  effeds  of  lightning.  This  wile  pixK 
pod!  was  generally  adopiedj  and  its  ufefulncfs  has 
been  confirmed  by  innumerable  cafes,  efpecially  in 
warm  climates,  which  are  oiuch-more  fubjcdt  ta 
thunder  fiorms. 

The  ufefulnefs  of  condu£iors  to  defend  buildii^ 
from  the  efieds  of  the  lightning,  has  been  univer- 
lally  acknowJedged ;  but  the  proper  £>rm  of  thoie 
c6nduftors>  efpecially  with  refped  to  their  termina- 
tionSf  has  been  the  caufe  of  much  contVoverfy.  It 
was  otjefted  to  their  having  a  pointed  termination^ 
that  a  pointed  body  can  attrafi:  the  eleftric  fiuid 
fcom  ^  greater  dlftance  than  a  blunt  termination, 
and  therefore  it  would  invite  the  lightning  where 
otherwife  the  lightning  would  not  go»  To  this  it 
was  Implied,  that  though  the  point  will  attraft  the 
cle(ftric  fluid  from^a  greater  diftanccj  yet  it  will  af- 
traft  it  in  a  dream,  viz.  by  degrees,  and  not  Jn  a 
full  body  as  a  knob  would  do  >  by  which  means 
the  force  of  the  lightning  will  be  diminifbed,  and 
in  certain  cafes  a  full  ftroke  may  thereby  be  en- 
ttrely  averted.    In  fhort,  after  a  great  variety  ojT 

arguments 
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arguments  and  experioients^  the  bed  conftru6Udfl 
of  fuch  conduftors  fcems  to  be  as  follows  *• 

It  fhould  conGft  of  a  rod  of  iron,  or  of  other 

ft 

metaT,  about  three  quarters  of  an  inch  thick,  faften- 
ed  to  the  wall  of  the  buildings  not  by  iron  damps, 
but  by  wooden  ones.  The  rod  fhould  be  unintcr** 
rupted  from  the  top  of  the  building  to  the  ground  % 
or  if  it  conHft  of  various  pieces,  care  muft  be  had 
to  join  the  pieces  as  perfe£ily  as  poflible.  If  this 
condudtor  ftood  quite  detached  from  the  buildings 
'  and  fupported  by  pieces  of  wood  at  the  diftance  of 
one  or  two  feet  from  the  wall,  it  would  be  better 
for  common  edifices;  but  it  is  particularly  advife« 
able  for  gun- powder  magazines,  gun-powder  millsi 
and  all  fuch  buildings  as  contain  combuflibles  ready 
to  take  fire.  The  upper  end  of  the  condudlor 
Ihould  terminate  in  one  or  more  fharp  points; 
which,  if  the  candu6lor  be  of  iron,  ought  to  be  gilc^ 
in  order  to  prevent  the  ruft  or  the  oxigcnation. 
This  fharp  end  fhould  be  elevated  above  the  highcft 
part  of  the  building  (as  above  a  flack  of  chimnie?, 
to  which  it  may  be  faftcned)  at  leafl  five  or  fix 
feet.     The  lower  end  of  the  condudlor  fhould  be 


*  See  what  relates  to  the  condudors  of  liglitning.in  the 
Philofophical  Traiifadions  for  the  year  1777,  and  ten  or 
twelve  following  years ;  alfo  fee  Earl  Stanhope's  Principles 
of  Eleflricity, London  i779>  ^"^  "^7  Treatifc  on  Eleciricity, 
4th  edition,  vol.  IL  p.  207,  and  following. 

driven 
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driven  five  or  fix  feet  into  the  ground,  and  in  a 
diredtion  leading  from  the  foundations  or  it  would 
be  better  to  connedt  it  with  the  neareft  piece  of 
water.  • 

For  an  edifice  of  a  moderate  fizc,  one  of  rfaofe 
conduftors  is  perhaps  fufHcieot ;  but  a  large  build* 
ing  ought  to  have  two,  or  three^  or  more  conduAors 
at  its  moft  diftant  parts. 

On  board  of  fbips  a  chain  has  often  been  ufed  on 
account  of  its  pliablenefs  i  but  in  feveral  cafes  the 
chain  has  b^n  actually  broken  by  the  lightning,  in 
confequence  of  the  obftruAion  which  the  ele6bric 
fluid  meets  with  in  going  through  the  various 
links  I  hence,  inftead  of  a  chairij  a  copper  wire 
about  one-third  part  of  an  inch  thick,  is  now  more 
commonly  ufed.  One  of  thofe  wires  (hould  be  ele- 
vated  twoor  three  feet  above  the  highefl:  mail  in 
the  veflel ;  this  fhould  be  continued  down  along  the 
maft  as  far  as  the  deck,  where,  by  bending,  it  fhould 
be  adapted  to  the  furf^e  of  fuch  parts  as  may  be 
more  convenient;  and  by  condnuing  it  down  the  fide 
of  the  veflel,  it  fliould  always  be  made  to  commu- 
nicate with  the  water. 

'  With. regard  to  perfonal  fecurity  in  time  of  a 
thunder  ftorm,  if  a  perfon  be  in  a  houfe  which  is 
not  furniOied  with  a  conductor,  it  is  advifable  not 
to  ftand  near  any  metallic  articles,  viz.  near  gilt 
frames,  chimney-grates,  bell-wires,  iron  cafements, 
and  the  like.  In  the  middle  of  a  room,  upon  a  dry 
chair^  or  table,  or  matrafles,  or  other  infulating  ar- 
VOL.  Ill*  G  G  jdcJei, 
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ticles,  is  the  fafeft  (huation.  Should  a  ftorm  happM 
when  a  perfon  is  in  the  open  fields^  and  hr  from 
any  bujlding,  the  bed  thing  he  can  do  is  to  retire 
within  a  fmall  diftance  of  the  highcft  tree  or  trees 
he  can  get  a: ;  he  muft  notj  however^  ga  quite 
near  them,  but  he  ftxould  i^op  at  about  fifteen  or 
twenty  feet  from  their  outernnoft  branches;  for  if 
the  lightning  happen  to  (Irike  about  the  place,  it 
'will  in  all  probability  (trike  the  trees  io  preference 
to  any  other  much  lower  objcA;  andjf  a  tree  hap- 
pen to  be  fplit,  the  peribn  will  be  ia&  eaougivat 
that  diftance  from  it. 
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OF     ANIMAL     ELECTRICITY. 


UNDER  this  tide  wc  (hall  take  notice  of  that 
eleflricity  only  which  is  produced  from  the 
animal  icfelf,  iki  confequence  of  its  particular  orga* 
nization»  and  not  that  which  is  produced  by  the 
application  of  metallic  fubftances  to  animals. 

Three  fiflies  have  hitherto  been  difcovered  to 
havci  whilfl:  livings  the  fmgular  property  of  giving 
fhocks  analogous  to  thofe  of  artificial  eleftriclty » 
namely,  the  torpedo^  the  gymnotus  ekSricuSi  and  the 
JUurus  ekSricus^  Thofe  animals  belong  to  three 
different  orders  of  6lh  ;  and  the  few  particulars^ 
which  they  feem  to  have  in  common^  are  the  power  ' 
of  giving  the  (hock;  an  organ  in  their  bodies,  called 
the  eUtlric  ergOHy  which  is  in  all  probability  em* 
ployed  by  t[iofe  animals  for  the  exertion  of  that 
power  \  a  fmooth  (kin  without  fcales ;  and  fome 
fpots  here  and  there  on  the  furfaces  of  their  bo- 
dies. 

The  torpedo,  which  belongs  to  the  order  oirays^ 
as  a  flat  (i(h,  very  feldom  twenty  inches  long,  weigh- 
Jog  not  above  %  few  pounds  when  full  grown,  and  is 

oca  pretty 


45  i  "  6f  Ammal  EteSrieity. 

pretty  common  in  various  parts  of  the'  rea-coad  of 
Europe.  The  eleftric  organs  of  this  animal  are  two* 
in  number^  and  are  placed  one  on  each  fide  of  the, 
cranium  and  gillsj  reaching  from  that  place  as  far 
as  the  iemicircular  cartilages  of  each  great  fin^  and 
extending  longitudinally  from  the  anterior  extre- 
mity of  the  anhnal  to  the  tranfverfe  cartilage  which^ 
divides  the  thorax  from  the  abdomen.  In  thofe 
places  they  fill  up  the  whole  thickneft  of  the  animal 
irom  the  lower  tp  the  upper  furface,  and  are  co* 
vered  by  the  common  (kin  di  the  body,  uodar 
which,  however^  are  two  thin  membranes  orfiffAi^ 
The  length  of  each  organ  is  fomewhat.  lefi  than 
one-third  part  of  the  whole  length  of  tbe  aranaL 
Each  organ  confifts  of  perpendicular  orimnns,- 
reaching  from  the  under  to  the  upper  (urface  of  the 
body,  and  varying  in  length  according  to  the  various 
thicknefs  of  the  fifh  in  various  parts.  The  number 
of  rhofe  columns  is  not  conftant,  differing  in  differ* 
cut  torpcdos,  and  likewife  in  different  ages  of  the 
animals.  In  a  very  large  torpedo,  one  ele&ric 
organ  was  found  to  confift  of  1 182  columns.  The 
greatcft  number  of  thofe  columns  are  either  irregu- 
lar hexagons,  or  irregular  pentagons,  but  their  fi- 
gure is  by  no  means  conftant.  Their  diameters 
are  generally  equal  to  one-fifth  part  of  an  inch  *. 


♦  For  farther  particulars,  fee  Hunter's  Anatomical  Ob* 
fcrvations  on  the  Tcrpcdo,  Phil,  Tranf.  Vol,  63. 

<  '  'The 
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The  above-menticMied  ele&ric  organs  fecm  to  be 
^he  only  parts  .employed  to  produce  the  fhock^i 
the  reft  of  the  animal  appearing  to  be  merely  the 
condii&or  of  that  Ihock,  as  parts  adjacent  to  the 
define  organs  ^. and,  in  &fi,  the  animal  has  been 
£nind  to  be  a  condufior  of  artificial  elefiricity. 
The  two  great  lateral  fins,  which  1x)uad  the  eledric 
organs  laterally,  are  die  bcft  condufiors. 

If  die  torpedo,  whilft  ftanding  in  water,  or  out  of 
the  water,  but  not  infulated,  be  touched  with  one 
land,  it  generally  communicates  a  trembling  mo- 
tion or  flight  Ihock  to  the  hand;  but  this  fcnfation 
is  felt  in  the  fingers  of  that  hand  only.    ]£  the  tor- 
pedo  be  touched  with  both  hands  at  the  fame  time, 
one  hand  being  applied  to  its  under,  and  the  other 
to  its  upper,  furface,  a  (hock  in  that  cafe  will  be 
leceived,  which  is  exadUy  like  that  which  is  occai*  . 
fioned  by  the  Leyden   phial«      When  the  hand 
Jcouches  the  fi(h  00  its  oppofite  furfaces,  and  Juft 
ii^er  the  ele6tric  organs,   then  the  fliock  is  the 
ftrangeft ;  but  if  the  hands  be  placed  upon  other 
pares  of  the  oppofite  furfaces,  the  (hocks  are  feme- 
what  weaker ;  and  no  fliock  at  all  is  felt  when  the 
hands  are  both  placed  upon  the  eleflric  organs  of  the 
fame  furf^iice ;  which  (hews  that  the  upper  and  lower 


*  The  manner  in  which  the  eledric  fluid  is  accumulated 
or  generated  by  thofe  organs,  is  by  no  means  underftood,  but 
the  fubjed  of  the  next  chapter  may  probably  throw  much 
Jight  upon  it. 

G  G  3  fur/aces 
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furfaccs  of  the  eledtric  organs  are  in  oppofite  ftates 
of  eledtricityi  anfwering  to  xhtflus  and  miniu  fidci 
of  a  Leyden  phUl^  When  the  fi(h  is  touched  by 
both  hands  on  the  fame  furface,  and  the  bands  are 
not  placed  exadly  pn  the  cleflric  organs,  a  (hock, 
though  weakf  is  ftill  received;  but  in  this  cafe  the 
oppofite  power  of  the  other  furface  of  the  imtmal 
fecms  to  be  conduced  over  the  (kin. 

The  (hock  which  is  given  by  the  torpedo^  when 
Handing  in  air,  is  about  four  times  as  ftrong  as  when 
(landing  in  water  f  and  when  the  animal  is  touched 
on  both  furfaces  by  the  fame  hand,  the  thumb  be* 
ing  applied  to  one  furfacf ,  and  the  middle  finger 
to  the  oppo(ite  fur^ce,  the  (hock  is  felt  much 
ftronger  than  when  the  circuit  is  formed  by  the  ap- 
plication of  both  hands.  Sometimes  the  torpedo 
gives  the  fhocks  fo  quickly  one  after  the  odier, 
that  fcarccly  two  feconds  elapfe  between  them  ^  and 
when,  inftead  of  a  ftrong  determinate  fhock,  it  com- 
municates only  a  torpor j  that  fenfation  is  naturally 
attributed  to  the  fucceflive  and  quick  difcharge  of 
a  great  many  con fecutive  (hock$. 

This  power  of  the  torpedo  is  condufted  by  the 
fjime  fubftances  which  conduift  artificial  ele(5lricity, 
and  is  intercepted  by  the  fame  fubftances  which  arc 
non-conduftors  of  eleftricity :  hence,  if  the  animal, 
inftead  of  being  touched  immediately  by  the  hands, 
be  touched  by  non-ele£trics,  as  wires,  wet  cords, 
&c.  held  in  the  hands  of  the  experimenter,  the 
(hock  will  be  communicated  through  them.     The 

circuit 
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cufolit  imy  alfo  i)e  formed  by  feveral  petfons  join- 
ing hands,  and  the  (hock  will  be  ^elc  by  them  all  ac 
the  fame  time.  If,  when  the  animal  is  in  water, 
il>e  hands  be  put  in  the  fame  water,  a  Ihock  will  alio 
be  felt,  which  will  be  ilronger  if  one  of  the  hands 
touch  the  fiih,  whilft  the  other  is  kept  in  the  water 
V.  a  diftance  from  it.  In  (hort,  the  fliock  of  this 
animal  is  conduded  by  the  fame  condu&ors  as  that 
of  the  Leyden  phial  3  thus  it  may  pafs  through  more 
than  one  circuit  at  the  fame  time ;  or  the  circuit 
qiay  be  much  extended,  iSeC;.  but  vi  thpff:  $:a£:3  tl^ 
fhock  is  much  w/^akened^ 

Tlie  ihock  of  the  torpedo  cannot  pafs  through 
the  Jeaft  interruption  of  continuity  :  thus  it  will  not 
be  conducted  by  a  chain,  nor  will  it  pafs  through 
the  air  from  one  conductor  to  the  other,  when  the 
diftance  b  even  lefs  than  the  200ch  part  of  an  inch ; 
coni^uendy  no  fpark  was  ^ver  obferved  tQ  accomr 
pany  it. 

No  eleftrie  attra&ion  or  repulfion  was  ever  ob- 
fenred  to  be  produced Jby  the  torpedo;  nor  indeed 
by  any  of  the  eledtric  BQies,  though  feveral  expe- 
riaients  have  been  inftituted  exprefsly  for  that  pur- 

pole. 

.  Theie  (hocks  of  the  torpedo  feem  to  depend  on 
the  will  of  the  animal ;  for  each  effort  is  accompa- 
nied with  a  depreflion  of  its  eyes,  by  which  even 
his  attempts  to  give  it  to  non-condu£lors,  may  be 
o|pfcr%'cd.  It  is  not  known  whether  both 
gans  muft  always  aft  together- 
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may  be  occaQonally  put  in  a&ion  by  the  will  of  die 
aoimaL 

Almoft  all  thofc  efFc6ls  of  the  torpedo  may  be 
imiuted  by  means  of  a  Izrff  eledrical  battery  weak- 
ly charged  *. 

The  gymnotus  cledricus  has  befcn  frequendy 
called  eleSrical  eel,  on  account  of  its  bearing  ibme 
refemblance  to  the  common  eel.  The  gymnotus  is 
found  pretty  frequently  in  the  great  rivers  of  South 
America.  Its  ufual  length  is  about  three  feeti  bfut 
fome  of  them  have  been'faid  to  be  fo  large  as  to  be 
able  to  flrike  a  rran  dead  with  their  ele6tric  flxxk, 
A  few  of  thofe  animals,  about  three  feet  long,  were 
brought  alive  to  England  about  thirty  yean  agOy 
and  a  great  many  experiments  were  oiade  with 
them. 

A  gymnotus  of  three  feec  in  length  generally  is 
between  lo  and  14  inches  in  circumference  at  the 
thickefl:  part  of  its  body.  The  eleftric  power  of 
this  animal  being  much  greater  than  that  of  the 
torpedo,  its  cleftric  organs  are  accordingly  a  great 
deal  larger,  and  indeed  that  part  of  its  body  whicl^ 
contains  mod  of  the  animal  pares  that  are  common 
to  the  fame  order  of  fifhes,  is  confiderably  fmaller 
than  that  which  is  fubfervient  to  the  ele(5lric  power, 
though  the  latter  muft  oaturally  derive  nourilhmept 
and  adion   from  tlie  former.      The  head  of  the 


•  Sec  Mr.  Waifh's  Paper  in  the  63d  volume  of  the  Phi* 
Ipfophical  Tranficlions. 
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animal  is  large,  broad,  flat,  fmooth,  and  imprcfle4 
with  various  fnuiU  holes.  The  mouth  is  rather 
large,  but  the  jaws  have  no  teeth,  fo  that  the  animal 
lives  by  fuftion,  or  by  f wallowing  the  food  entire. 
The  eyes  are  fmali,  flatti/h,  and  of  a  bluifli  colour, 
placed  a  little  way  behind  the  noftrils^  The  bodf 
is  large,  thick,  and  roundilh,  for  a  conQderable 
jdiftance  from  the  head^  and  then  diminiihes  gra- 
dually. The  whole  body,  from  a  few  inches  below 
the  head,  is  diftinguiihed  into  four  longitudinal  parts, 
clearly  divided  from  each  other  by  lines.  The  ca-^ 
rmm  begins  a  few  inches  below  the  head,  and  widen- 
ing .as  It  proceeds,  reaches  as  far  as  the  tail,  where 
k  is  thinned.  It  has -two  pedtoral  fins,  and  the 
fnus  is  fituatcd  on  the  under  part,  more  forward  than 
thofe  fins,  and  of  courfe  not  far  diftant  from  the 

This  animal  has  two  pairs  of  eleflric  organs,  one 
pair  being'  larger  than  the  other,  and  occupying 
fnofl  of  the  longitudinal  parts  of  the  body.  They 
are  divided  from  each  other  by  peculiar  mem- 
branes^. 

The  nerves  which  go  to  the  ele£tric  organs  of 
the  gymnotus,  as  well  as  of  the  torpedo,  are  much 
larger  than  thole  which  fupply  any  other  part  of 


•  Sec  Hunter's  Account  of  the  Gymnotus  Ele£hricus,  in 
Ac  65ih  Volume  of  the  Philofopbical  TranfaSions,  for  far- 
ther Particulars.  Alfo  my  Trcatifc  on  Ekaricity,  4th 
je^itiQir,  Vol.  IL  Appendix,  N*  VIL 
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the  body.   The  cleftric  organs  of  the  gymnotus  ara 
fuppKed  with  nerves  from  the  fplnal  marrow,  and 
they  conie  out  in  psurs  between  the  vertebras  of  (he 
fpinc. 
The  gymnotus  poflfeiles  a]I  the  eledric  proper- 

* 

ties  of  the  torpedo,  but  in  a  fuperior  degree.  His 
fiiock  is  conduced  by  conductors  of  eleftricity  i  it 
is  comnruinicated  through  water,  &c.  The  ftrongeft 
ftock  is  received  when,  the  Animal  ftandtng  out  of 
the  water,  you  apply  one  hand  towards  the  tail»  and 
the  other  towards  the  head  of  the  annual.  In  this 
manner  I  often  received  (hocks  from  one  of  thofc 
animals,  which  I  felt  not  only  in  my  arms,  but  very 
fercibly  even  in  my  chicfl:.  I  f  the  animal  be  touch- 
ed with  one  hand  only>  then  a  kind  of  tncmor  is  kit 
in  that  fingle  hand,  which,  though  ftronger,  is, 
however,  perfeftly  analogous  to  that  which  is  given 
by  the  torpedo  when  touched  in  the  like  manner. 

This  power  of  the  gymnotus  is  likewife  dependr 
ing  on  the  will  of  the  animal,  fo  that  fometin:>cs  he 
gives  ftrong  (hocks,  and  at  other  times  very  weak 
ones.  He  gives  the  ftrongeft  ftiocks  when  provoked 
by  being  frequently  and  roughly  touched. 

When  fmall  fifties  are  put  into  the  water,  where 
tlie  gymnotus  is,  they  are  frequently  ftunned,  and 
arc  cither  cffedlually  or  apparently  killed. 

The  ftrongeft  Ihocks  of  the  g/mnoti,  which  were 
exhibited  in  London,  would  pafs  through  a  very 
fljort  interruption  of  continuity  in  the  circuit.  They 
could  be  conveyed  by  a  ftiort  chain  when  ftre:che;l| 

fo 
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to  as  to  bring  the  links  into  a  more  perfcA  contaft^ 
-  When  the  interruption  was  formed  by  the  incifion 
made  with  a  pen-knife  on  a  flip  of  tin-foil  that  was 
pafted  upon  glafs,  the  (hock  in  paflTing  through 
that  interruption^  (hewed  a  fmall  but  vivid  fpark, 
I^nly  Vifible  in  a  dark  room. 

This  animal  (hewed  a  peculiar  property,  namely 
tiiat  of  Jcnowing  when  he  could,  and  when  he  could 
not,  give  the  (hock ;  for  if  non-ronduftors  or  inter- 
rupted  circuits  were  placed  in  the  water,  he  would 
KOt  approach  them  ;  but  as  (bon  as  the  circuit  was 
completed,  he  would  approach  the  extremities  of 
chat  circuit)  and  immediately  give  the  (hock^. 

The  third  fifli  which  is  known  to  have  the  power 
of  giving  the  (hock,  is  found  in  the  rivers  of  Africa; 
.    but  we  have  a  very  imperfeft  account  of  its  pro- 
perties-j-. 

This  animal  belongs  to  the  order  which  the  na- 
turalifts  call  filurus  \  hence  its  name  is  Jtlurus  eJec- 
incus.  The  length  of  (bme  of  thofc  (Uhes  have 
jbeen  found  to  exceed  10  inches. 

The  body  of  the  filurus  cleftricus  is  oblongt 
Imootf),  and  without  fcales;  being  rather  large,  and 


*  See  my  Treatife  on  £Ie£lrfcity,  4th  edition,  vol.  IL 

P;  3P9' 

t  Meflrs.  Adanfon  and  Forfkal  make  t  (hort  mentioa  of 

its  and  Mr.  Bruflbnet  defcribes  it  under  the  French  name 

of  li  TnmbUurj  in  tbe  Hj/i.  de  t  AcaJL  RojaU  dis  Sciinc4s^ 

^  tbe  year  1782. 
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flattened  towards  it$  anterior  part.  The  eyes  are  oft 
middle  fize,  and  are  covered  by  the  flcin,  which  en«> 
velope<-  the  whole  head.  Each  jaw  is  armed  with  a 
^eat  nunr^^er  of  fnnall  teeth.  About  the  mouth  it 
has  fix  filamentous  appendices,  viz.  four  from  the 
«nder  Up,  and  two  from  the  upper ;  the  two  exter- 
nal ones,  or  larthermoil  from  the  mouth  on  the 
opper  lip,  are  the  longeft.  The  colour  of  the  body 
b  greyiih,  and  towards  the  tail  it  has  fomc  blackilb 
^rs. 

The  eleftric  organ  fcems  to  be  towards  the  t^I, 
where  the  ikin  is  thicker  than  on  the  red  of  the 
tx)dy>  and  3  whiti(h  fibrous  fubilance,  whif:his  pro- 
Ixibly  the  eledric  organ,  has  been  diftinguilhed  uo- 
jdcr  it. 

It  is  faid  that  the  filurus  clc<5lricus  has  the  pro* 
perty  of  giving  a  fhock  or  benumbing  fenfatiofl, 
like  the  torpedo,  and  that  this  fhock  is  communi- 
cated through  fubflances  that  are  conductors  of 
elcdricicy.  No  other  particular  fcems  to  be  known 
concerning  it. 

Nature  feems  to  have  given  thofe  fiflies  this  fin- 
gular  power  of  giving  the  (hock  for  the  purpofe  of 
Iccuring  their  prey,  by  which  they  muft  (ubfift;  and 
perhaps  likewilc  for  the  purpofe  of  repelling  larger 
animals,  which  might  otherwife  annoy  them. 

'ri>e  ancients  confidcred  the  rtiocks  of  the  torpedo 
as  cnj^p.ble  of  curing  various  diforders;  and  a  mo- 
^^:vi  phil'jfopher  will  hardly  hcfitate  to  credit  theif 

aJTertions, 
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a^tioixs,  fince  clcftricity  has  been  found  to  be  a 
<!ileful  remedy  in  fcvcral  cafes. 

A  fourth  B(h,  faid  to  give  fhocks  like  the  above- 
n^cntioned,  wias  found  on  the  coaft  of  Johanna,  one 
of  the  Comoro  iflands,  in*  lat.  i'a«  ij^  fourfi,  hf 
Lieutenant  William  Paterfon,  and  an  imperfeft  ac- 
count of  it  is  given  in  the  76th  volume  of  tiie  Phi- 
k>ibphical  Tranfadtions. 

**  The  fifh  is  dcfcribed  to  be  7  inches  long,  a  f 
•*  inches  broad,  has  a  long  projcftirig  mouth,  and 
"  leems  of  the  genus  Tetrodon.  The  back  of  the 
"  filh  is  a  dark  brown  colour,  the  belly  part  of  fca- 

green,  the  fides  yellow,  and  the  fins  and  tail  of  a 

iandy  green.  The  body  is  interfperfed  with  red/ 
"  green,  and  white  fpots,  the  white  ones  particularly 
'*  bright^  the  eyes  large,  the  iris  red,  its  outer  edge 
"  tinged  with  yellow/' 

Whilft  this  fifli  is  living,  ftrong  (hocks,  like 
deftncal  ihocks,  are  felt  by  a  perfori  who  attempts 
to  hold  it  between  his  hands.  Three  perfons  only 
are  mentioned  in  the  account  as  having  experieneed 
this  property  of  one  of  thofe  filhes ;  but  the^want  of 
opportunity  prevented  the  trial  of  fiu-ther  experi* 
mcnts. 


re 
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tr  GALVAiriSRr^ 


■  • 

IN  the  year  1791,  a  very  remarkable  difcovery 
made  by  Dr.  Galvani  of  Bologna  was  announced 
fco  the  fciencific  world  in  a  publication  entitledj  j/lcjfii 
Galvani  de  Viribus  EleSricitatis  in  motu  mtifadm 
Commentarius^    Bonotiia  1791. 

The  difcoycrics  of  Dr.  Galvani  were  made  prin- 
cipally with  dead  frogs.  He  in  the  firft  place  dif- 
covered  that  a  frog  dead  and  fkinned,  is  capable  of 
having  its  mufcles  brought  into  aftion  by  means  of 
clc6lricity,  even  in  exceedingly  fmall  quantities. 

Secondly,  that  independant  of  any  apparent  elec- 
tricity, the  fame  motions  may  be  produced  in  the 
dead  animal,  or  even  in  a  detached  limb,  merely 
by  making  a  communication  between  the  nerves 
and  the  mufcles,  with  fubftances  that  are  conduftors 
of  elcftricity.  If  the  circuit  of  communication  con- 
lift  of  non-condu6lors  of  tleftricity,  as  glafs,  fcaling- 
wax,  and  the  like,  no  motion  will  take  place. — The 
like  experiments  were  alfo  fuccefsfully  inftituted 
upon  other  animals  ^  and  as  the  power  feemed  to 

be 
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be  inherent  in  the  animal  parts,  thofc  experimcnts> 
or  the  power  which  produces  the  motion  of  the 
mufcles  in  thofe  experiments,  was  denoininatcd  am- 
mal  €!e£frictty.  But  it  being  now  fully  afcertained, 
that  by  the  mere  contaft  of  metallic  and  other  con- 
ducing fubftances.  Tome  eleftricity  is  generated  *,  if 
is  evident  that  the  mufcular  motions  in  the  above- 
mentioned  experiments  are  produced  by  that  elec- 
tricity 5  hence  we  have  confined  the  name  of  animal 
fleffricity  to  denote  the  power  of  the  fifhes  which 
give  the  fhock,  &c.  as  defcribed  in  the  pre- 
ceding chapter.  And,  at  leaft  for  the  prefent,  wc 
(hall  examine  the  ele£tricity  which  is  produced  by 
the  contafb,  or  by  the  aftion,  of  metallic  and  other 
conducing  fubftances  upon  each  other,  under  the 
tide  of  Calvanifm ;  though  in  truth  Galvani's  dif- 
covcries  go  no  farther  than  what  relates  to  certain 
effefts  of  the  contact  of  animal  parts  principally 
with  metallic  fubftances. — I  Ihall  briefly  defcribe 
the  principal  fafts  which  relate  to^the  above-men- 
tioned fort  of  mufcular  motion,  and  Ihall  then  pro- 
ceed to  thofe  which  relate  to  the  wonderful  effc<?ls 
of  the  mere  contaft  or  aftion  of  one  conducting  fub- 
ftance  upon  another,  amongft  which  the  metallic  are 
the  moft  confpicuous. 

The  aftion  of  eleftricity  on  a  frog,  recently  dead. 


«Ai 


•  See  Bennct*s  New  ErperimenU  on  EU£lnatjj  1789; 
and  my  Treatife  on  Electricity,  4th  Edition,  vol.  III.  p.  1 J  i, 
and  following. 

and 
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and  fkinr(^>  (and  indeed  on  other  animals  tnori'dt 
kfs)  occaiions  a  tremulous  motion  of.  the  mufcld^ 
and  general!/  an  extendon  of  the  limbs. 

Dr.  Galvani  ufed  to  (kin  the  legs  of  a  frog  re- 
cently dead,  and  to  leave  them  attached  to  a  fmalll 
part  of  the  fpine,  but  leparated  from  the  reft  of 
the  body. -^ Any  other  limb  may  be  prepared  in  a 
fimilar.  manner 5  viz.  the  linflfa.  is  deprived  of  its 
integuments,  and  the  nerve,  which  belongs  to  it, 
is  partly  laid  bare. 

If  the  limbs  thus  prepared,  for  inftmce,  the  legpi 
of  a  frog,  be  (ituated  fo  that  a  little  electric^y  may 
pais  through  them,  be  it  by  the  immediate  contaift 
of  an  eleftrified  body,  or  by  the  aftion  of  el$;dric 
atmofpheres  (as  when  the  preparation  is  placed 
within  a  certain  diftance  of  an  eleftrical  machine, 
and  afpark is  taken  from  the  prime  conduftor);  the 
prepared  legs  will  be  inftantly  afFefted  with  a  kind 
of  fpafmodic  contraftion,  fomctimes  fo  ftrong  as  to 
jump  a  confidcrable  way. 

When  the  eleftricity  is  caufcd  to  pafs  through  d)e 
prepared  frog  by  the  immediate  contaft  of  the  elec- 
trified body,  a  much  fmallcr  quantity  of  it  is  fufficient 
to  occafion  the  movements,  than  when  it  is  made  to 
pafs  from  one  conduftor  to  another,  at  a  certain 
diftance  from  the  prepared  animal*. 


♦  Probably  the  looth  part  of  that  electricity  which  can 
afte£l  a  very  delicate  elciStromctcr,  is  fufficient  to  produce 
c!)e  movement  of  the  prepared  animal  limb,  and  even  of  a 
whole  frog,  or  moufc,  or  fparrow,  &c. 
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The  movements  arc  much  ftrongcr  when  the 
ckaricity  is  caufed  to  pafs  through  a  nerve  to  the 
mufcle  or  mufcles^  than  through  any  other  part*. 

The  fenfibility  of  the  prepared  animal  is  greateft 
Sit  firft,  but  it  diminifhes  by  degrees  till  it  Vanifhes 
entirely.  Animals  with  cold  bloody  and  efpecially 
frogs,  retain  that  fenfibility  for  feveral  hours,  fome-> 
times  even  for  a  day  or  two.  With  other  animals 
the  fenfibility  does  not  laft  long  after  death,  and 
ibmetimes  not  above  a  few  minutes. 

The  like  movements  may  be  produced  in  the 
prepared  .animal  wUhout  the  aid  of  any  apparent 
electricity.  In  an  animal  recently  dead,  detach  one 
end, of  a  nerve  from  the  furrounding  parts,  taking 
care  to  cut  it  not  too  near  its  infertion  into  the 
mufcle ;  remove  the  integuments  from  over  the 
xnuicles  which  depend  on  that  nerve  i  take  a  piece 
of  metal,  as  a  wire,  touch  the  nerve  with  one  extre- 
mity of  it,  and  the  mufcles  with  its  other  extremity; 
on  doing  which  you  will  find  that  the  prepared  limbs 
xnove  in  the  fame  manner  as  when  fome  eledlricity 
is  paflfed  through  them.  This  how'ever  is  not  the 
jnoft  effectual  way  of  forming  the  communication  5 
yet  it  will  generally  fucceed,  and  the  experiment  will 
Anfwer  whether  the  preparation  be  laid  upon  con- 
ductors or  upon  electrics. 

If  the  communication  between  the  nerve  and  the 
mufcle  be  formed  by  the  interpofition  of  non-con- 
<lu6tors  of  eleftricity,  fuch  as  glafs,  fealing-wax,  &c. 
J^n  no  movements  will  take  place. 

When  the  application  of  the  metal  or  metals  is 
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continued  upon  the  parts,  the  contraftions  will  ceafe 
after  a  certain  time, .  and  on  removing  the  metal^ 
feldom^  if  ever,  any  contraftion  i^  obfcnred. 

The  conducing  communication  between  the 
mufck  and  the  nerve  may  confift  of  one-  or  mort 
pieces,  and  of  the  fame  or,  much  better,  of  difitrent 
bodies  conAeded  together,  as  metals,  water,  a  num- 
ber bf  peribns,  and  even  wood,  the  floor  of  a  room, 
&c.*  But  it  muft  be  obferved,  that  the  lefs  perfeft 
conduftors  will  anfwer  only  at  firft,  when  the  pre- 
pared animal  is  vigorous  ;  but  when  the  power  be« 
gins  to  diminifli,  then  the  more  perfeft  conduftors 
only  will  anfwer,  and  even  thefe  will  produce  vari- 
ous eflFefts. 

The  moft  effefhial  way  of  producing  thofc 
movements  in  prepared  animal  parts  is  by  the 
application  of  two  metals,  of  which  filver  and  zinc 
fcem  upon  the  whole  to  be  the  beft,  though  filver 
aad  tin,  or  copper  and  zinc,  and  other  combi- 
nations, arc  not  much  inferior.  If  part  of  the 
nerve  proceeding  from  a  prepared  limb  be  wrapped 
up  in  a  bit  of  tin-foil,  or  be  only  laid  upon  zinc,  and 
a  piece  of  filver  be  laid  with  one  end  upon  the  bare 
mufcle,  and  with  the  other  upon  the  abovc-menrion- 
ed  tin  or  zinc,  the  motion  of  the  prepared  limb  wil' 
be  very  vigorous.  The  two  metals  may  be  placed 
not  in  contaft  with  the  preparation,  but  in  any  other 


■«w*«>*i 


•  The  various  bodies,  which  form  this  circuit,  muft  be 
placed  in  full  and  perfect  conta(a  with  each  other,  which  is 
done  by  preffing  them  againft  each  other,  or  by  the  inteipofi- 

tion  of  water,  Sec. 

part 


Of  Gahahi/m.  467 

part  of  the  c'rcuit,  which  may  be  compleated  by 
means  of  other  condu£lors>  as  water,  &'c. 

The  beft  preparation  for  this  experiment  is 
made  in  the  following  manner: 

Separate  with  a  pair  of  fciflars  the  head  and  upper 
extremities  of  a  frog  from  the  reft  of  the  body. 
Open  the  integuments  and  mufcles  of  the  abdomen^ 
and  remove  the  entrails,  by  which  means  you  will 
fay  bare  the  crural  nerves.  Then  pafs  one  blade  of 
the  fciflars  under  the  nerve,  and  cut  off  the  (pine 
with  the  fleih  clofe  to  the  thighs,  by  which  means 
the  legs  will  remain  attached  to  the  fpine  by  the 
nerves  alone.  This  done,  leave  a  fmall  bit  only  of 
the  /pine  attached  to  the  crural  nerves,  and  cut  off 
all  the  reft.  Thus  you  will  have  the  lower  limbs 
G,  H,  fig.  I,  Plate  XXIV.  of  the  frog  adhering  to 
the  bit  of  fpine,  A  B,  by  means  of  the  crural  nerves 
C,  D.  Thefe  legs  muft  be  flayed  in  order  to  lay 
bare  the  mufcles  ;  and  a  bit  of  tin-foil  fliould  be 
wrapped  round  the  fpine  A  B.  With  this  prepara- 
tioa  the  experiment  may  be  performed  various  #aySj 
but  the  two  which  follow  are  the  beft. 

Hold  the  preparation  by  the  extremity  of  one  leg, 
the  other  leg  hanging  down,  with  the  armed  bundle 
of  nerves  and  fpine  laying  upon  it.  In  this  fituatioti 
interpofe  a  piece  of  (liver,  as  a  half-crown,  between 
the  lower  thigh  and  the  nerves,  fo  that  it  may  touch 
the  former  with  one  furface,  and  the  metaltic  coat- 
ing of  the  latter  with  the  other  furface,  or  with  its 
edge ;  and  you  will  find  that  the  hanging  leg  will 
▼ibrate  very  powerfully,  fometimes  fo  far  as  to  ftrike 

H  H  2  againfl: 
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t^glxsJ^.  t^  Mod  of  the  operatorj  ^hich  holds  the 
other  leg, 

Otherwiiey.pl«ce  two  ^ine  glafles^  both  full  of 
watery  contiguous,  ta  each  othef,  but  pot.  aftua|||f 
couching,  Put  the  thighs  and  legs  of  the  prepwa- 
VffPL  .in  thP  water  of  one  glafs,  and  laying  the  nerva 
(yirer  the  edges  of  the  two  glaflqi,  let  the-bit.of  Ipw 
with  its  vmour  (viz.  tin-foil)  touch  the  wacer  of 
the  other  glafi.  Things  being  thus  prepaiedj  if  ym 

bxm  the  communicacidn  between  die  waten  of  the 

» "     .        •  •        /'■'.'  "  • 

'  two  glaflcsy  by  means  of  fiilyerj  or  put  the  fingers  of 
one  hand  bto  idie  viratcr  of  the^la&  that  contains  the 
legs,  ami  holdiog  a  piece  of  filver  m  the  otbecs,  ypa 
touch  d^  coadng  of  the  nerves  with  it,  you  wiD 
find  that  the  prepared  legs  move  fo  po^cHul^  as 
fomedmes  to  jump  fairly  out  of  the  glafs. 

By  the  application  of  armours  of  differcnc  metallic 
fubftancesy  and  forming  a  communivradon  between 
themj  the  motions  may  be  excited  even  in  an  entire 
fiving  frogj  as  alfo  in  fome  other  living  animakj 
particularly  eels  and  flounders.  The  living  frog  is 
placed  upon  a  piece  of  zinc,  with  a  flip  of  tin  foil 
patted  upon  its  back.  This  done,  whenever  the 
communication  is  formed  between  that  zinc  and  the 
tin-foil,  efpecially  if  filver  be  ufed,  the  fpafmodic 
convulfions  are  excited,  not' only  in  the  mufcles 
which  touch  the  metallic  fubflances,  but  likewiie  in 
the  neighbouring  mufcles.  This  experiment  may 
be  performed  entirely  under  water. 

The  experiment  may  be  performed  with  a  floun* 
der  in  a  limilarj  cafyj  and  harmlels  mianner*.    Tak^ 

*  a  living 
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a  living  flounder,  fuch  as  may  almoft  always  be  found 
at  the  filhmonger's;  wipe  it  pretty  dry,  and  lay  it  flat 
into  a  pewter  plate,  or  upon  a  (heet  of  tin-foil,  and 
place  a  piece  of  filver,  as  a  fhilling,  a  crown  piece, 
&c.  upon  the  fifli.  Then,  by  means  of  a  piece  of 
metalj  complete  the  communication  between  the 
pewter  plate  or  tin-foil  and  the  filver  piece;  on  doing 
which  the  animal  will  give  evident  tokens  of  being 
affected.  The  fi(h  may  afterwards  be  replaced  in 
water,  and  preferred  for  farther  ufe. 

It  feems  that  fuch  movements  may  be  excited  by 
the  contaA  of  metallic  fubdances  in  all  the  animals » 
at  leaft  they  have  fucceedcd,  but  in  different  degrees, 
in  a  great  variety  of  animals,  from  the  ox  to  the  fly. 

The  human  body,  whilft  undergoing  certain  chi- 
rurgical  operations,  or  its  amputated  limbs,  have 
been  convulfed  by  the  application  of  metals.  -  But 
the  living  animal  body  may  be  rendered  fenfible  of 
the  ^&ion  of  metallic  application  in  an  harmleis 
way,  and  both  the  fenfes  of  taftc  and  of  fight  may 
be  affefted  by  it,  but  in  different  degrees  according 
to  the  various  conditutions  of  individuals. 

Let  a  man  lay  a  piece  of  metal  upon  his  tongue, 
and  a  piece  of  fome  other  metal  under  the  tongue ; 
on  forming  the  communication  between  thole  two 
metals,  either  by  bringing  their  outer  edges  in  con- 
tadt,  or  by  the  interpofuion  of  fome  other  piece  of 
metal,  he  will  perceive  a  peculiar  fenfation^  a  kind 
of  irritation,  accompanied  with  a  fort  of  cool  and 
fubacid  tafte,  not  exadly  like,  and  yet  not  much 
different  from  that  which  is  produced  by  ardficial 

li  H  3  eleftridi 
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electricity.  The  metals  which  anfwer  beft  for  thcfc 
experiments,  arc  filver  and  zinc,  or  gold  and  zinc 
The  fenfation  feems  to  be  more  diftinA  when  the 
metals  are  of  the  ufual  temperature  of  the  tongue. 
The  filvcr  or  gold  may  be  applied  to  any  other 
part  of  the  mouth,  to.  the  noftrils,  to  the  ear,  or 
to  other  fenfible  parts  of  the  body,  whilft  the  zinc 
is  applied  to  the  tongue  ;  and  on  making  the 
communication  between  the  two  metals,  the  tafte 
will  be  perceived  upon  the  tongue.  The  eflEcd 
h  rather  more  remarkable  when  the  zinc  touches 
the  ton^e  in  a  fmall  part,  and  the  (ilver  in 
a  great  portion  of  its  furfecc,  than  vice  verfd.  In- 
flead  of  the  tongue,  the  two  metals  may  aUb  be 
placed  in  contaft  with  the  roof  of  the  mouth,  as  &r 
back  as  poffible  ;  and  on  compleating  the  communi- 
cation, the  tafte  or  irritation  will  be  perceived. 

Different  perfons  are  varioufly  afFefted  by  this  ap- 
plication of  metals  ;  with  fome  the  fenfation  or  tafte 
is  fo  flight  as  to  be  hardly  perceived,  whilft  with 
others  it  is  very  ftrong  and  even  difagreeable.  Some 
perfons  feel  merely  a  pungency,  and  not  properly  a 
tafte. 

In  order  to  affeft  the  fenfc  of  fight  by  means  of 
metals,  let  a  man  in  a  dark  place  put  a  flip  of  tin-foil 
upon  the  bulb  of  one  of  his  eyes,  and  let  liim  put  a 
piece  of  filycr,  as  a  fpoon  or  the  like,  in  his  mouth. 
On  completing  the  communication  between  the 
fpoon  and  the  tin-foil,  a  faint  flafli  of  white  light  w31 
appear  before  his  eyes.    T  his  experiment  may  be 

pefTonncd 
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performed  in  a  more  convenient  manner,  by  placing 
a  piece  of  zinc  between  the  upper  lip  and  the  gums, 
as  high  up  as-poflfible,  and  a  filver  piece  of  money 
upon  the  tongue  ;  or  elfe  by  putting  a  piece  of  filver 
high  up  in  one  of  the  noflrilsy  and  a  piece  of  zinc  in 
contaft  with  the  upper  part  of  the  tongue  ;  for  in 
either  cafe  the  ilafh  of  light  will  appear  whenever 
the  two  metals  are  made  to  communicate,  either  by 
the  immediate  conta£t  of  their  edges,  or  by  the  in« 
terpofition  of  other  good  conduftors. 

By  continuing  the  contaft  of  the  two  metals,  the 
appearance  of  light  is.  not  continued,  it  being  only 
yifiUe  at  the  moment  of  making  the  contact,  and 
ibmetimesj  though  rarely,  at  the  inftant  of  iepara- 
tioiv:  it  may  therefore  be  repeated  at  pleafure,  by 
digoining,  and  again  conne6ling,  the  two  metals* 
When  the  eyes  are  in  a  date  of  inflammation,  then 
die  appearance  of  light  is  much  ftronger. 
*  When  the  fcience  of  eleftridty  was  advanced  no 
firther  than  the  knowledge  of  the  above-mentioned 
fiiftsy-  it  was  doubtful  whether  the  convulfions  of 
prepared  animal  limbs,  and  the  fenfations  which 
are  produced  by  the  application  of  metallic  fub« 
ftances,  were  owing  to  fome  eledrical  property 
peculiar  to  the  animal  parts,^  which  might  per- 
haps be  conduded  through  the  metals  from  one 
part  to  the  other;  or  to  a  fmall  quantity  of 
dedricity,  which  might  be  fuppV  *  ^  nrietals 

theiDfelves.    The  la  '  *vas 
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which  prove  tik  tli^  moft  convinciiig  tntiuier.tfaaf 
cicftricitf  is  produced  by  th^  mere  contadj  not 
oolf  of  metallic  fubftancest  but  likewife*  of  adier 
))od»$.  '  •-    • 

..    The  eledricity  chtis  produced  by  the  mere  oon<t 

,  taft.ojF'two  bodice  is  jfo  very  frnall  as  not  to  be  per* 
ctived  widibuc.  great  care,  and  widiout  ufi^g  fomo 
of  thdfc  artifices  for^difcoyering  fmall  quantitieaof 
ele£):ricity,  which  have  been  mentioned  above.  ;But 
the  late  difcoveries  ofthe  ingenious  Mr.  Volea  have 

'  (hewn  a  method  of  increafing  that  elefbicitf  to  a 
moft  extraotdinary  di^ee  ?  s  by  which  meam  the 
^fobjcft  of  eleftricity  has  received  a  remarkaUrjad- 

'  vaacement,  and  has  opened  a  mqft,  proqijlBiig 
field  of  wonders,  wherein  numeix)us  and  d>|elaY 
bourers  are  daily  making  ufeful  and  admirable  dif- 
coveries.— We  (hall  now  proccied  to  (late  thofe  fiids 
in  as  compendious  a  manner  as  the  nature  of  the 
fubjeft  will  admit  of,  confidently  widi  perfpicuity. 
The  adion  of  metallic  fubftances  upon  the  or- 
gans of  living,  or  of  recently  dead  animals,  has 
been  fully  manifefted  by  the  above-mentioned  difco* 
veries  of  Galvani  and  others;  but,  previous  to  thoie 
difcoveries,  a  variety  of  fafls,  frequendy  aflerted, 
imperfedly  known,  and  often  diihelieved,  indicated 
a  peculiar  aftion  arifmg  from  a  combination  of  dif* 
ferent  niet^ic  bodies  in  certaiq  cafes. 


^  See  his  Paper  in  the  Philofophical  Tranlafiioitt  for  the 
year  i8oo^  Aru  XVII. 
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It  had  been  long  aflerted,  that  when  porter  (and 
feme  other  liquors  alfo)  is  drank  out  of  a  pewter 
pot,  it  has  a  raftc  different  from  what  it  has  when 
drank  out  of  glafs  or  earthen  ware. 

It  has  been  obfcrved,  that  pure  mercury  retains 
its  metallic  fplendor  during  a  long  time ;  but  its 
amalgam  with  any  other  metal  is  foon  tarnifhed  or 
oxidated. 

The  Etrufcan  infcriptions,  engraved  upon  pure 
lead,  are  preferved  to  this  day;  whereas  fome  medals 
of  lead  and  tin,  of  no  great  antiquity,  are  much  cor- 
roded.—Works  of  metal,  whofe  parts  are  foldercd 
together  by  the  interpofition  of  other  metals,  foon 
tamifh  about  the  places  where  the  different  metals 
are  joined. 

iWhen  the  copper  (heeting  of  (hips  is  fattened  on 
by  means  of  iron  nails,  thofe  nails,  but  particularly 
the  copper,  are  readily  corroded  about  the  place  of 
contaft*. 

It  had  been  obferved,  that  a  piece  of  zinc  might 
be  kept  in  water  for  a  confiderable  time,  without 
hardly  oxidating  at  all ;  but  that  the  oxidation 
would  foon  take  place  if  a  piece  of  filver  happened 
to  touch  the  zinc,  whilft  (landing  in  water. 

Since  Galvani's  difcoveries,  the  adion  arifing 
from  the  combination  of  three  conduflors  has  been 


•  Sec  Fabroni's  Paper  on  the  Aclion  of  different  Metals 
upon  Cf^h  othef)  in  the  40ch  Number  of  ^'"  '  'icon's 
Toumal.  ; 
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cumuied  with  great  care> ,  and  with  conGdefable ' 
fiic^eis,  jefpecially  by  Mr*  Volta,  who  lately  diico* 
ytredthiat  ^e  flight  efieft  of  fuch'a  combinatiOB 
niay  be  Hicreafed  to  a  prodigious  degree  by  repeat* 
iog  the  coinbiiiatioi>}  for  inftan'ce,  if  a  combyiaiiQa 
of  filler,  zmcy  and  watery  produce  a  certain  e0e^ 
a^  (ecohd  combination  (viz.  anothor  piece  of  (ilver. 
another  piece  of  zinc^  and  another  quantity  of  w^ier) 
added  to  the  firfliy  will  increafe  the  efied  j  dicaddt- 
tign  of  a  third  combiiiadon  will  increaic  the  ^&& 
ftiU  iXiore»  and  fo  on  *• 

Prerious  to  the  d^fcription  of  the  «coQftniftjbff» 
and.  of  the  very  remarkable  effe&s  of  tfaofe  rc|icatcd 
combinationst  which  arc  now  generally,  called.  Gi/« 
Hfomc  bqtteriis  (though  in  juftice  they  mutt  be  called 
.  VoUa's  batteriis^  or  Voltaic  batteries)  it  will^  be  ne- 
ceflary  to  (late  the  principal  laws^  which  have  been 
pretty  well  afcercaincd  with  ref|te£t  to  the  flnipk 
combinations. 

I.  The  conduftors  of  clcdricity,  which,  ftridly 
Ipeaking)  do  almoft  all  differ  from  each  other  in 
conducting  power^  are  neverthelefs  divided  into  two 
principal  tlalTes.  Thofe  of  the  Hrfl;  clafs>  otherwife 
caljed  d}y  and  perfeU  condudors,  are  the  metallic 
fiibftanccs  and  charcoal.  Thofe  of  the  fecond  clafs, 
or  the  imperfeS  conduSlors^  are  water  and  other  oai« 
dating  fluids^  as  alfo  the  fubftances  which  contain 


«  See  his  very  valuable  Paper  in  the  Phil.  TranC  for  die 
year  1800,  ArU  XVII. 
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thofe  6ulds.  But  as  the  fubfbnccs  of  the  fecond 
fclafs  differ  in  condu6ting  power  much  more  than 
thofe  of  the  firfl  clafsj  fo  they  may  be  fubdivided 
into  /pedes  *. 

II.  The  fimpleft  combinations  capable  of  pro- 
ducing Galvanic  efFefts,  (viz.  to  convulfe  the  pre- 
pared limbs  of  a  frog,  or  of  exciting  the  tafte  upon 
the' tongue^  &c.)  muft  confift  of  three  different  con- 
duflors  ;  for,  two  condudors  only  will  not  produce 
any  frnfible  effeft.  If  the  three  conductors  be  all 
of  the  firft  clafs,  or  all  of  the  fecond,  therj  the  effc<i 
is  (eldom  fcnfible.  In  this  cafe  futh  conduftors  ot 
the  fecond  clafs  as  differ  more  from  each  other,  are 
more  likely  to  produce  a  fenfible  cfFe6):  than  thole  of 


•  Mr.  Volta  arranges  thofe  fubftanccs  in  the  following 
order,  commencing  with  the  leaft  a£Uve ;  obferving,  how* 
ever,  that  this  order  is  fubjedl  to  a  confiderable  deviation, 
eipecially  with  refpe«ft  to  the  latter  fpecles,  and  according  as 
they  are  combined  with  certain  bodies  oi'  the  firfl  clafs. 

"  I.  Pure  water;"  (It  may  be  obilrrvcc,  that  water  hold- 
ing in  folution  common  air,  and  efpccially  oxigen  air,  is 
much  more  a£)ive  than  water  deprived  of  air  by  boiling  or 
otberwife.)  **  2.  Water  mixed  with  clay  or  chalk ;  3.  A  fo- 
^  lutionoffugar j  4.  Alcohol ;  5.  Milk;  6.  Mucilaginous 
^  fluids;  7.  Animal  gelatinous  fluids;  8.  Wine;  9.  Vine- 
^  gar  and  other  vegetable  juices  and  acids;  10.  Saliva; 
*«  Ij.  Mucus  from  the  nofe  j  12.  Blood;  13.  Brains; 
«*  14*  Solution  of  fait ;  15.  SoapTuds;  16.  Chalk  water  ; 
<*.  17.  Concentrated  mineral  acids ;  18.  Strong  alkaline 
<<  leys;  19.  Alkaline  fluids ;  20.  Livers  of  fu 
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*  ■  • 
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iSm  fijrft  clai^  *•  BuC  a  proper  aftive  Gmple  cofnld- 
nation  muft  cbnfifl:  of  three  difierfcnt  bodies  s  tiz.  of 
'<^Aie  cohdador  of  one  dafs^.ahd  twodifivrent  coo* 
duftors  of  the  other  clafs.  Thus  (dcnodrtg  the 
aodies  of  the  iirft  clais  bf.  means  6f  laige  ci^ital 
letttfcyand  thofeof  the  ftcond  clafi  bv  fniaU  lettrrs) 
die  combirtations  of  fig.  2^  and  j^  Plate  XXIV. 
are  aAiyei  but  thdfe  of  fi^.  4,  5,  6,  7,  and  Sy  are 
not  zQCvft^  becaufe  that  of  fig.  4,  5,  or  6^  con- 
fifts  of  two  bodies  Only,  and  that  of  Bg*  7b  or  8| 
cdnffifts  of  three  bbdicis^  of  which  two  tr^  of  the 
finie  fort,  and  of  coupfe  ad  as  a  fingle  bodjr. 

When  two  of  the  three  bodies  are  of  the  firftclafi^ 
and  one  is  of  the  fecond^  die  oombinadofi  is  find  to 
jbe  of  ihe  j&^  order  \  otherwife  it  is  faid  to  be  of  the 
Jecond  order. 

In  a  fingle  aftivc  Galvanic  combination,  or,  as  itis 
commonly  called,  in  ^fimple  Galvanic  circle y  the  two 
bodies  of  one  clafs  muft  touch  each  other  in  one  or 


*  Mr.  Volta  adduces  as  an  inftanceof  an  active  Galvanic 
combinatiun,  confifting  of  three  conductors  of  the  fccond 
clafs  only,  an  experiment  of  Dr.  Valli,  in  which  the  three 
bodies  concerned  were,  id,  The  leg  of  a  frog,  and  particu- 
larly the  hard  tendinous  part  of  the  mufculus  ^q/frocnemius\ 
2J.  The  rump,  or  the  mufcles  of  the  back,  or  the  ifdiiatic 
nerves,  to  which  the  faid  tendinous  parts  are  applied;  and 
3d.  The  blood  or  the  vifcous  faponaceous  or  (kline  ftuid, 
applied  to  the  point  of  contatSl.  See  his  letter  to  Gren  ia 
the  Ncuves  Journal  dc{  Pbyf  vol.  III.  p.  4,  and  IfoL  IV, 
page  I.  ^         ••*    ■■       ^\ 
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more  points,  at  the  fame  time  that  they  are  con- 
ncAed  together  at'  other  points  by  the  body  of  the 
other  clafs.  Thus,  when  a  prepared  frog  is  coor 
Tulfed  by  the  contadt  of  the  fame  piece  of  metal  in 
two  different  places  i  then  the  6uids  of  thole  parts, 
which  muft  be  foraewhat  different  from  each  other, 
are  the  two  condu£tors  of  the  fecond  clafs,  and  the 
metal  is  the  third  body,  or  the  conduftor  of  the  firft 
clals.  If  two  metals  be  ufed,  then  the  fluids  of  the 
prepared  animal,  differing  but  little  from  each 
other,  may  be  confidered  as  one  body  of  the  fecond 
clals.  Thus  alfo,  when  a  pcrfon  drinks  out  of  a 
pewter  mug,  the  faliva  or  moiffure  of  his  under 
lip  is  one  fluid  or  one  conductor  of  the  fecond  cla&, 
the  liquor  in  the  mug  is  the  other,  and  the  metal  is 
the  third  body,  or  conduftor,  of  the  firft  clafs. 

III.  It  fcems  to  be  indifpenfably  rcquifite,  tliat 
in  a  fimple  Galvanic  circle,  tlie  condudor  or  con- 
dudors  of  one  clafs  Ihould  have  fome  chemical 
a&ion  upon  the  other  conductor  or  condu&ors; 
without  which  circumftance  the  combination  of 
three  bodies  will  have  either  no  Galvanic  aftion  at 
all,  or  a  very  (light  one.  Farther,  the  Galvanic 
a&ion  fcems  to  be  proportionate  to  the  degree  of 
chemical  agency  -,  which  fecms  to  fhew  that  fuch 
chemical  action  is  the  primary  cjufc  of  the  cleflric 
[^Domena  *.. 


*  Pbil.  TranC  for  the 
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'The  moft  aftive  Galvanic  circles  of  the  firft  or- 
der, are  when  two  folids  of  different  degrees  of ^ 
oxidability  are  combuied  with  a  fluid  capable  of 
oxidating  at  l^aft  one  of  the  fplids.  Thus  gold, 
filvtr,  and  water,  do  not' form  an  adlive  Galvanic 
circle ;  but  the  circle  will  become  aftive  if  a  Kttle 
nitric  acid,  or  any  fluid  decompofible  by  filver,  be 
mixed  with  the  water. 

A  combination  of  zinc,  filver,  and  water,  forms 
an^aftivc  Galvanic  circle,  and  the  water  fe  found  to 
oxidate  the  zinc,  provided  the  water  holds  (bmc  at- 
mofphcrical  air,  as  it  commonly  does,  and  efpecially 
if  it  contain  Oxygen  air.  But  zinc,  filver,  and 
water  containing  a  little  oiitric  acid,  form  a  more 
powerful  Galvanic  circle,  the  fluid  being  capable  of 
afting  both  upon  the  zinc  and  upon  the  filver. 

The  mofl  powerful  Galvanic  combinations  of  the 
fecond  order,  are  when  two  conduftors  of  the  fccond 
clafs  have  different  chemical  adVions  on  the  con- 
dudlors  of  the  firft  clafs,  at  the  fame  time  that  they 
have  an  aftion  upon  each  other.  Thus  copper,  or 
filver,  or  lead,  with  a  folution  of  an  alkaline  fulphu- 
rtt^  and  diluted  nitrous  acid,  form  a  very  aftivc  Gal- 
vanic circle. 

The  prefent  ftate  of  knowledge,  relative  to  this 
fubje(5l:,  does  not  enable  us  accurately  to  determine 
the  peculiar  powers  of  all  forts  of  Galvanic  combi- 
nations; however,  the  following  lifts  contain  a  ufeful 
arrangement  of  the  bed  combinations,  difpofcd  in  the 

order 


/» 

^ 


0/  Gahanifm.  479 

order  of  their  powers,  and  commencing  widi  the 
moft  powerful  *. 

Galvanic  Circles  of  the  Firji  Order ^  viz.  which  con- 
fift  of  two  ConduSlors  of  the  Firft  Clafs^  and  one  of 
the  Second. 

Zinc  with  gold,  or  charcoal,  or  filver,  or.  copper, 
or  dn,  or  h-on,  or  mercury;  and  water  contain- 
taihing  a  fmall  quantity  of  any  of  the  mineral 
acids  f. 

Iron,  with  gold,  or  charcoal,  or  filver,  or  copper, 
or  tioi  and  a  weak  folution  of  any  of  the  mineral 
acidS)  as' above. 

Tin,  with  gold,  or  filver,  or  charcoal,  and  a  weak 
iblution  of  any  of  the  mineral  acids,  as  above. 

Lead,  with  gold,  or  filver,  and  a  weak  acid  folu- 
tion, as  above. 

Any  of  the  above  metallic  combinations,  and  com- 

«  mon  water,  viz.  water  containing  atmofpherical 
air,  or  efpecially  water  containing  oxygen  air. 

Copper,  with  gold,  or  filver,  and  a  iblution  pf  ni- 
trate of  filver  and  mercury  j  or  the  nitric  acid  i 
or  the  acetous  acid.  ^ 

Silver,  with  gold,  and  the  nitric  acid. 


•  This  arrangement  has  been  formed  principally  by  Mr. 
Davy,  profeffor  of  chemiftry  at  the  Ro}ral  Inftiturion. 

t  Van  Alarum  found  a  folution  of  (alt  ammoniac^ 
t<ie  muriate  of  ammoniac,  to  aft  bcu., 

Gi 


.  » 


^. 


(}fOtlNi^ 


Gahanie  Greks  tf  tbe  Steini  Ordlr,  Irb. .  tvte^ 
. '  cOffifl  ffmte  CofiduSorof  ibg  Firft  QaJs^  mitm 
rftheSiomi. 


Charcoal^  or 
Copper^  or 
Silvery  or 
ileady  or 
Tin,  or     ' 
Iron,  or; 
Zinc^ 


with  water,  or  wichl^uid  a  iolution  ti 


afolution  of  any  hy- 
drogcnated  alkaline 


fulphui^,  Capable  riauc  acid,   Sc 


of  afting  5>n  'the 
lirft,  three. !  metals 
only  j 


nitrous  acid,  or 
03i;yjgeDaiEed  inu< 


capable  of  aftiog 
u|x>Q  all  the  me* 
tals. 


The  a£Hon  ofa  fimple  GaLvanic  cirde  fctais  m 
ht  in  fome  meafure  dependent  upo/i  the  qduidty 
of  fur&ce  of  contad):  between  the  aAing  bodies. 
An  higher  tAnperature  withlh  certain  linnfits,  rai- 
ders the  adtivity  of  the  circle  greater  than  a  lower 
temperature.. 

The  adlivity  of  a  Galvanic  circle  is  not  altered 
by  the  interpofition  of  fuch  conduftors  as  have  no 
aftion  upon  the  adjoining  conductors  of  the  circle. 
Thus,  if  a  circle  confift  of  zinc,  gold,  and  water; 
and  if  you  intcrpofc  a  piece  of  iron,  or  of  fil ver,  or 
both,  between  the  zinc  and  the  gold,  the  adbivity 
of  the  circle  will  not  be  altered  thereby.  Hence  it 
appears  that  the  adion  ofa  Galvanic  circle  maybe 
conveyed  through  extraneous  condudtors  to  a  con- 
Jiderable  diftance ;  but  it  muft  be  obferved,  that  the 
activity  is  weakened  by  the  great  length  of  the  con- 
ductors, eipecially  if  they  be  of  an  imperfcA  na- 
ture, 

IV 
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IV.  When  the  three  bodies  which  form  a  Galva- 
nic circle  of  the  firfl:  order  are  laid  one  upon  the 
other,  but  the  lower  and  the  upper  one  do  not  touch  ' 
each  other;  then  thefe  two  extremes  are ^ in  oppofite 
cleftric  ftates*  viz*  the  extremity  which  is  next  to 
that  metallic  furface  that  touches  the  body  of  the 
fecond  clals,  is  pofitive,  and  the  oppofite  extremity 
is  tiegative.  Thus  let  copper,  zinc,  and  moiftened 
leather,  be  laid  oiie  upon  the  other;,  as  in  fig.  9, 
Plate  XXIV.  and  the  upper  end  W,  viz.  the 
wetted  leather,  will  be  found  pofleffcd  of  pofitivc 
eledkricity ;  whilft  the  lower  end  C,  or  the  copper^ 


will  be  found  negative  *. 


V.  The 


■i^ 


•  •  This  is  a  very  delicate  experiment,  and  the  deflricity 
can  only  be  rendered  fenfible  by  means  of  Volta's  condenfer, 
or  of  my  multiplier.  I  placed  a  plate  of  zine,  3  inches  iii 
diameter,  upon  a  larger  plate  of  copper,  and  a  piece  of  leather 
not  quite  3  inches  in  diameter,  foaked  in  common  river 
water,  was  laid  upon  the  zinc.  Then  whilfl  the  cop- 
per plate  C,  fig.  9,  was  made  to  communicate  with  the 
pound,  a  wire  conneAed  the  leather  W,  wiA  the  receiring 
plate  A  of  the  multiplier,  fig.  19,  Plate  XXIII.  and  by 
working  that  inftmment  after  the  manner  which  is  defcribed 
in  page  426,  it  i^^peared  that  the  moift  leather  gave  pofitiv^ 
defifaricity.  When  the  three  bodies  were  reverted,  vis.  the 
moifiened  leadier  was  placed  upon  the  table,  and-^he  Copper 
was  made  to  communicate  with  the  receiving  plate  of  the 
multiplier,  the  latter  acquired  the  negative  electricity.  This 
was  tried  repeatedly,  and  anfwered  conftantly.  Froth 
ToL.   III.  I  I  thefe 
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V*  The  Galvanic  efi€£b  may  be  inereafed  to  al- 
mod  any  degrec»  by  oonnefting  feveral  of  the  above* 
mentioned  active  combinatbns,  or  by  a  repetidon 
of  the  iame  fimfde  Galvanic  combinadon  (the  moft 
aftive  fimple  confibinations  forming  the  moft  power* 


/'ihefe  experiments^aft  alio  from  die  dedudion  which  may  be 
fiurly  made  from  the  effeds  of  batteries,  w«  may  conchidc 
that  every  a£Uve  Galvanic  combination  has  a  pofitive  and  a 
negative  fide.  Hence  it  is  fuppoTed,  that  when  the  circle 
is  completed,  as  in  fig.  lo,  viz.  by  conne^ng  the  leather 
with  the  copper,  a  circulation  of  elt£bic  fluid  takes  place 
through  it. 

^  If  we  form  a  metallic  plate  of  two  portionsy  the  one  of 
^  xinc,  the  other  of  coppery  by  foldering  their  ends  together, 
^  and  taking  the  zinc  between  our  fingers,  touch  with  the 
^  copper  the  upper  plate  of  the  condenfer,  which  is  alb 
<<  of  copper,  the  condenfer  becomes  negative.  But  if,  on 
^  the  contrary,  we  hold  the  copper  in  our  fingers,  and  touch 
*^  the  upper  plate  of  the  condenfer  with  the  zinc ;  upon  re- 
<*  moving  the  metals  and  raifing  the  upper  plate  of  the  con- 
^^  denfer,  it  indicates  no  eledricity,  notwithfianding  the 
'<  lower  phue  is  connected  with  the  common  refervoir  in  the 
^  earth. 

*^  But  as  foon  as  we  interpofe  between  the  zinc  and  die 
^'  plate  of  the  condenfer  a  piece  of  paper  moiftened  with 
*'  pure  water,  or  any  other  moift  conductor,  the  condenfer 
<*  becomes  charged  with  pofitive  ele^icity.  It  becomes 
*<  alio  charged,  but  negatively,  when  we  bold  the  zinc  in 
^^  our  fingers,  and  touch,  with  the  copper,  the  humid  coi^ 
<^  duAor  laid  on  the  condenfer."  Report  of  the  Nadooil 
Inftitute  at  Paris,  on  Volta's  Experiments  made  iai^ 
fourfe  of  the  year  i8oi. 
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fill  batteries^  and  vice  vet/a)  provided  tbe  fimple 
oombinations  are  difpofed  fo  as  not  to  counteraA 
each  other. 

Thofe  batteries  are  £iid  to  be  of  the  (ittt  or  of 
the  fecond  order^  according  as  the  fimple  combina-- 
tions,  of  which  they  confift,  are  of  the  firft  or  of 
die  fecond  orden  Thus,  if  a  piece  of  2inc  be  laid 
upon  a  piece  of  cq>perj  and  a  piece  of  moiftened 
card  be  laid  upon  the  zinc ;  then  a  fimilar  arrange* 
ment  of  dirce  other  fuch  pieces  be  laid  tipon  thenij 
and  a  third  arrangement  be  laid  upon  thu>  &c.  all 
in  the  iame  order ;  the  whole  will  form  a  battery  of 
the  firft  order.  But  if  the  arrangement  be  made  by 
conneding  a  piece  of  copper  with  a  piece  of  cloth 
noiftened  with  water;  the  latter  with  a  piece  of 
doth  moiftened  with  a  foludon  of  fulphuret  of  pot«- 
aflli  and  diis  again  with  another  piece  of  copper^ 
&c.  the  whole  will  form  a  battery  of  the  lecond 

order*. 

TIic 

« 

^  Mr.  Davy  diftinguiflies  the  Utterics  of  die  fecond  or« 
der  into  the  following  three  clafles  : 

I.  The  raoft  feeble  is  compofed^  whenever  tingle  metallie 
fladssy^or  arcs,  are  arranged  in  fuch  a  manner,  that  twoof  their 
iirfeccs,  or  ends  oppofice  to  each  other,  are  in  contaA  with 
diluent  luids,  one  capable  and  the  other  incapable  of  oziw 
the  metal.    And  regular  feries  of  fuch  combinationa 


libinationi  'or  elements  of  the 
or  arc  of  a  metallic  fub- 

ftancf 
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The  above-mendoncd  reftri6tion»  viz.  that  the 
parts  of  a  battery  muft  not  counteraft  each  9dier» 
will  be  eafily  underftood  by  confidering  that  every 
fimple^  but  interrupted^  Galvanic  combinatioh  hat 
apofitive  and  a  negative  end ;  or  that  in  ever^  com* 
pkte  Galvanic  circle,  the  eledric  fluid  circulate^  in 
one  way  only.  Thu6^  if  two  fimple  combinations 
be  difpofedj  as  in  fig.  1 1>  this  arrangement  will  not 
have  any  Galvanic  power>  becaufe  the  aftionsof  the 
two  fimple  combinations,  or  the  two  currents  of 
elqftjicity,  are  oppofed  to  each  other ;  die  two  po- 
fitive  ends  being  at  p,  and  the  two  negative  ends 
being  at  n.  But  if  thofe  fix  bodies  be.  difpofed  as  in 
fig.  12;  then  the  combination  will  be  very  adive; 
becaufcj  according  to  the  hypothefis,  the  direttoa 
of  the  eleftric  fluid  in  each  fimple  arrangement 
tends  the  fame  way^  and  probably  the  one  accelerates 
the  other. 


ftancc  capable  of  afting  upon  fulphuratcd  hydrogen,  or  upon 
fulphurcts  difToIvcd  in  ^vater,  is  accompanied  with  portions 
of  a  fdution  of  fulphuret  of  potafh  on  one  fide,  and  water  on 
the  other. 

III.  The  mod  powerful  clafs  is  formed  when  metalL'c 
fubftances  oxidable  in  ^cids,  and  capable  of  a(^ing  on  (blu« 
tions  of  fulphurets,  are  conneded,  as  plates,  with  oxidating 
fluids  and  folutions  of  fulphuret  of  potafh,  in  fuch  a  manner 
that  the  oppofite  fides  of  every  plate  may  be  undergoing 
different  chemical  changes,  the  mode  of  alternation  being 
regular. 

What 
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What  has  been  iaid  abore  of  the  amngemenc  of 
wo  fimple  Galnnlc  combinadons,  muff  be  likewild 
inderftood  fo  hold  good  with  refpeA  to  the  con- 
KAion  of  an]r  number  of  the  famei  vie.  that  they 
imft  not  counterafl:  ; ach  other  i  or,  if  a  certain 
lumber  of  them  counteract  each  other,  then  th< 
vmuning  only  form  the  aftive  part  of  the  battery. 
For  inftance,  if  a  battery  conflft  of  40  flmple  combl- 
ludons,  and  if  11  of  them  are  placed  in  a  dire^lion 
Kntrary  to  the  others;  then  thole  1 2  will  countera£t 
12  otbers.  and  of  courfe  the  wh(^  battery  will 
have  DO  inore  power  than  if  k  confiftcd  of  16  ftm- 
pie  cmibioations  properly  dlfpoled. 

This  points  out  a  method  of  comparing  the 
powers  (^  two  batteries ;  for  if  thofc  batterie*  lie 
conne£ted  in  an  inverted  order,  viz.  the  f#jfttivc 
end  oTooe  be  oude  to  touch  the  nefi;3tiv;  en'l  tA 
ifae  other;  then,  en  conncding  tlie  two  rxbrr  ex* 
tremities,  or  on  ap^lyir.g  tUm  v>  }^oj>rr  iriftr-j. 
ment<,  the  wh^  p>wer  wiU  be  arvr.lnibred,  if  HiT. 
fepaiaie  batzeries  haci  tqtal  yytfi;  crr^rw/'-  tiA 
power  t£  ±e  witie  ■»_»  be  the  eiceft  t/  ''w.  y/nf.t 
of  the  Exft  ^tfiiirfJ*  ^jxatrj  kx/t*  tiiar  <■/  u^ 
weakefi;  aod  the  iirecj-^^  t,%.  ja  i>5iM[  y/.-.y, 
«r  negarr*,  'm-Jl  Z-jrv  --,  -o-^h  -jvs-'.rj  :■  v*>-^^. 

nagemesccf  ;.  : .,  -.-jx,  -'^.k  f/vt  'ryxrvi;  V^ 
£a  Z  ce rsa'-'j's;,  .:ir-,  v.c  .-•v.a. '.'.i^.'»^  iV>'.>i 
mBfcrx.ia.ic.vs  iir.-.ii.v.c.r,'-  .  fcf  .■■  ".5- -,*:'«, 
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W^  Wi  become  one  bodyt  and  Sa  S^  do  likcwileaft 
as  one  Ixxly. 

Ic  is  almoft  fuperfluous  to  obfervc,  that  (as  has 
been  faid  with  refpedl:  to  fimpk  circles)  in  a  Gal- 
vanic battery '  the  interpofition  of  conduftors  that 
have  no  panicular  aftion,  or  of  the  conduAors  of 
the  fame  ckfs  as  the  adjoining  bodies,  does  not  alter 
the  effed  of  the  battery. 

Thus  far  we  have  dated  the  general  laws>  which 
have  been  pretty  well  afceruined  with  refpe^l  to 
Galvanic  combinations.  We  (hall  now  proceed  to 
defcribc  the  praftical  conftrudtionj  and  the  eficAs  of 
thofe  combinations^  efpecially  of  the  compound  ar« 
rangemenu  or  batteries. 

The .  fimplicity  of  iing^e  Galvanic  circles  b  lb 
great,  that  nothing  more  needs  be  faid  with  refpeft 
to  their  conftruftion ;  for  when  the  three  bodies  arc 
fclefted,  the  operator  needs  only  take  care  that 
their  contaft  be  perfcft. 

Voltaic  batteries  have  been  conftru<aed  of  vari- 
ous fliapes,  and  they  may  be  endlefsly  diverfified. 
But  the  moft  ufual  forms  are  reprefented  by  fig.  13, 
14,  and  16,  Plate  XXIV.  Thofe  of  fig.  13  and 
14,  are  more  eafily  conftrufted;  that  of  fig.  16,  is 
the  mod  commodious. 

The  battery,  fig.  13,  confifts  of  fcveral  gUITes, 

or  china  cups  full  of  water,  or  of  water  containing 

fait,  &c.  and  two  plates  unconnefted  with  each 

other,  viz.  a  plate  of  zinc  and  a  plate  of  filver, 

6  arc 


are  plunged  in  fht  fluid  of  each  cup»  excepting  the 
firft  and  laft  cups;  but  each  of  thofc  plates  mud  have 
a  fort  of  tail  or  prolongadooj  by  which  they  are  fo 
conneded  that  the  filver  plate  pf  one  cup  communi* 
cates  with  the  zinc  plate  of  the  next^  and  fo  on  s  thofe 
prolongations  being  foldered  at  a^  a,  a,  &c. 

The  battery,  fig.  14,  confifts  of  pieces  of  filver, 
about  as  big  as  half  crowns,  pieces  of  zinc,  about 
equal  to  thofe  of  filver,  and  pieces  of  card,  or  doth, 
or  leather,  or  other  bibulous  fubftancc,  a  littlf; 
fmaller  in  diameter  than  the  metallic  pieces,  and 
ibaked  in  water  or  in  other  proper  fluid. 

Thofe  pieces  are  difpofed  in  the  order  of 
iilver,  zinc,  and  wet  cloth,  &c.  as  indicated  by 
the  letters  S,  Z,  W.  The  pieces  of  card,  or 
cloth,  &c.  muft  be  well  foaked  in  the  fluid  % 
but  before  they  are  applied,  they  fliotild  be 
gently  fqueezed,  in  order  that  the  fuperfluous 
fluid  may  not  run  down  the  outfide  of  the 
pile,  or  infuiuate  itfclf  between  the  contiguous 
pieces  of  filver  and. zinc.  Thofe  pieces,  efpecially 
if  Ibaked  in  plain  water,  lofe  their  moifture  pretty 
foon,  fo  that  they  can  hardly  ferve  longer  thaa 
for  a  day  or  two ;  after  which  time  the  pile  muft 
be  decompofed,  the  metallic  pieces  cleaned,  thofe 
of  cloth  or  card  foaked  again,  and  the  whole  ar-* 
ranged  as  before. 

The  three  rods  R,  R,  R^  are  of  glafs  or  of  baked 
wood,  and  the  piece  of  wood,  O,  Aides  freely  up 
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or  down  the  rods.    This  ferves  to  prevent  the  (ail- 
ing of  the  pieces. 

When  fuch  battery  is  to  be  very  powerful,  viz, 
is  to  conlift  of  numerous  pieces,  the  beft  way  is  to 
form  two  or  three  or  more  piles,  and  to  join  them 
by  pieces  of  metal,  as  r  r  in  fig.  15,  where  two  piles 
arc  joined  together,  fo  that  a  is  the  negative  extre- 
mity, and  h  is  the  other  or  pofitive  extremity  of  the 
whole  arrangement,  or  of  the  two  piles  conlidcred 
as  one.   * 

The  battery,  fig.  16,  confifts  of  a  ftrong  ob- 
long veflel  of  baked  wood,  about  three  inches  deep 
and  about  as  much  broad«  In  the  fides  of  dits  veflel 
grooves'  are  made  oppofite  to  each  other,  and  about 
one-eighth  of  an  inch  in  depth.  In  each  pair  of 
oppofite  grooves  a  double  metallic  plate,  viz.  a 
plate  of  line  and  a  plate  of  filver  foldered  together 
at  their  edges,  arc  cemented ;  by  which  means  the 
wooden  vcfTel  is  divided  into  feveral  partitions,  or 
cells,  about  half  an  inch  broad,  as  is  fufBciently  in- 
dicated by  the  figure.  The  cementation  of  the 
metallic  pieces  into  the  fides  and  the  bottom  of  the 
-wooden  veflel,  mud  be  fo  accurate  as  not  to  permit 
the  paflage  of  any  fluid  from  one  cell  into  the  next. 
The  cement  proper  for  this  purpofe  is  defcribed  in 
page  381. 

Thofe  cells  are  afterwards  filled  almoft  to  the  top 
with  water,  or  any  other  fluid,  according  to  the  table 
in  page  479 ;  and  thus  the  whole  will  form  a  Voltaic 

battery, 
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battery^  confifting  of  various  repetitions  of  filvcr, 
zinc,  and  fluid.  Two  or  more  of  fuch  batteries 
nuy  be  joined^  as  has  been  faid  of  the  preceding 
battery. 

I  need  hardly  obfervc,  that  inftead  of  zinc  copper 
and  water^  other  combinations  may  be  made  accord- 
ing to  the  table  in  page  47  9.  At  prefent  the  laft 
ddcribed  batteries  are  conftru£ted  with  copper, 
zinc^  and  water  mixed  with  a  fmall  proportion  of 
nitric  or  muriatic  acid.  For  the  conftruftion  of  fuch 
'  batteries  it  is  immaterial  whether  the  metals  arc  quite 
pure  or  flightly  alloyed. 

The  aftion  of  all  thofe  batteries  is  greatefl:  when 
they  are  firft  completed  or  filled  with  the  fluid ;  and 
it  declines  in  proportion  as  the  metal  is  oxidated, 
or  the  fluid  lofes  its  power.  Hence,  after  a  certain 
timej  not  only  the  fluid  mufl;  be  changed,  but  the 
metallic  pieces  mud  be  cleaned  by  removing  the 
oxidated  furface,  which  is  done  either  by  filing  or  by 
rubbing  them  with  fand  or  fand-papcr,  or  by  im- 
merfing  them  for  a  fhort  time  in  diluted  muriatic 
acidj  and  then  wiping  them  with  a  coarfe  cloth. 
The  metallic  pieces  of  the  battery,  fig.  1.6,  may  be 
cleaned  by  the  laft  method,  and  may  be  wiped  by 
introducing  a  (lick  with  a  rag  into  the  cells. 

Thus  much  may  be  fufllcicnt  with  refpcdl  to  the 
conftruftion  of  Ample  and  compound  Galvanic  ar- 
rangements. It  is  now  ncccfTary  to  flute  the  riW-Lb, 
of  thofe  combinations.     Indeed  the  a  'y- 

in^/ingle;  Galvanic  circles  ^ 
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have  already  been  defcribed ;  yet>  for  the  (ake  of 
aflifting  the  memory^  it  will  be  v&XxH  co  coUcA 
thofe  effefbs  under  the  four  following  heads,  in  ex- 
planation of  which  we  ihall  add  fuch  fiuther  frfperi- 
inents  and  obicrvadons  as  could  not  with  proprictj 
be  mentioned  before. 

I.  The  adion  of  a  fingle  Galvanic  cirdc  aflfedt 
the  organs  of  living  animals,  or  of  animals  rtcendy 
dead>  efpecially  when  one  txA  of  the  combination  is 
CDnneded  with  a  nerve,  and  the  other  end  is  con- 
ne£lcd  with  a  mufcle  of  the  fame  limb. 

II.  That  a£tion  may  be  tranfmitted  dmnig^ 
good  conductors  of  eledtricity,  but  not  throi^ 
eledrics«  or  through  lefs  perfeft  conduftors. 

III.  It  affed3  the  cleftrometcr  by  the  intennecfi* 
ation  of  other  inftrumentv, 

IV.  That  aftion  incrcafes,  or  otherwifc  modifies, 
the  chemical  agency  of  the  bodies  concernedj  upon 
each  other. 

The  limbs  of  animals,  efpecially  of  frogs  re- 
cently dead,  are  the  moft  fcnfible  inftruments  of 
Galvanic  powers ;  and,  in  faifl,  the  fimpleft  Gal- 
vanic circles  will  afFeft  them,  when  they  will  not 
produce  any  other  decifive  elcftrical  efFeft. 

The  various  powers  of  different  firople  circles 
may  be  afcertaincd  by  applying  them  to  fuch  ani- 
mal preparations  as  have  their  vitality,  or  irritabi- 
lity, more  or  Icfs  exhaufted.  Thus  Mr,  Volta  in 
his  letter  to  Grcn,  fays,  "  If  you  take  a  frog,  the 
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"  head  of  which  has  been  cut  oflT,  and  which  has 
^  been  deprived  of  all  life  by ,  thnifting  a  needle 
^  into  the  (pinal  marrow,  and  immerie  it  without 
^  Ikinningy  taking  out  the  bowels^  or  any  other 
'*  preparation^  into  twoglafles  of  water ;  the  nimp 
'<  into  onCj  and  the  legs  into  the  other,  as  ufual ;  it 
**  will  be  ftrongly  agitated  and  violently  convuUed« 
^  when  you  connect  the  water  in  both  glafles  by  a 
^  bow  formed  of  two  very  different  metals,  luch  as 
'^  Giver  and  lead,  or,  what  is  better,  filver  and 
^  2inc  \  btJt  this  will  by  no  meahs  be  the  cafe  when 
^*  the  two  metals  are  lefs  different  in  regard  to  their 
'^  powers,  fuch  as  gold  and  filver,  filver  and  cop- 
'*  peri  copper  and  iron,  tin  and  lead.  But  what  is 
^  more,  the  effe6t  will  be  fully  produced  on  this  ^o 
'*  little  prepared  frog,  when  you  immerfc  in  one  of 
''  the  two  glafles  the  end  of  a  bow  merely  of  dn  or 
'*  zinc,  and  into  the  other  glafs  the  other  end  of 
^'  this  bow  which  has  been  rubbed  over  with  a  litde 
'<  alkali.  You  may  perform  the  experiment  ftill 
'*  better  with  an  iron  bow,  one  end  of  which  has 
^  been  covered  with  -a  drop  or  thin  coating  of  ni- 
^  trous  acid  \  and  beyond  all  expeftation,  when  you 
'*  take  a  filver  bow,  having  a  litde  fulphuret  of  pot- 
''  •  afli  adhering  to  its  extremity.*' 

When  a  fingle  powerful  Galvanic  combination 
of  the  lecond  order  is  applied  with  one  end  to  the 
tongue,  and  with  the  other  fluid  end  to  fome  other 
(enfible  part  of  the  body,  an  acid  tafte  is  perceived 
on  the  tongue,  which  tafte,    by  continuing  the 
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contaftj  becomes  left  diftuyfi:>  and  is  even  changed 
into  an  alkaline  tafte.  ' 

^Mf  a  tin  bafon  be  filled  with  foap-fuds^  lime- 
<<  watery  or  a  ftrong  ley»  which  is  ftill  better ;  and  if 
^  you'  chen  lay  hold  of  the  bafon  with  both  your 
^  hands»  having  firft  moiftened  them  with  pint 
^  water^  and  apply  the  tip  of  your  tongue  to  die 
^^  fluid  in  the  bafon,  you  will  immediately  be  (eiH 
*<  fible  of  an  acid  tafte  upon  your  tongue^  which  is 
^  in  contad  with  the  alkaline  liquor.  This  tafte  is 
•*  very  perceptible,  and,  for  the  moment,  pretty 
^'  ftrong ;  but  it  is  changed  afterwards  into  a  dif- 
*^  ferent  one,  lefs  atcid,  but  more  faline  and  pungent, 
**  until  at  laft  it  becomes  alkaline  and  (harp,  ia 
'^proportion  as  the*  fluid  adts  more  upon  the 
"  tongue ♦/• 

Mr.  Davy  obfcrves,  that  *^  if  zinc  and  filverbfr 
**  made  to  form  a  circle  with  diftilled  water,  hold- 
*'  ing  in  folution  air,  for  many  weeks,  a  conGdera- 
"  ble  oxidation  of  the  zinc  is  perceived,  without  " 
"  the  perceptible  evolution  of  gafs;  and  the  water, 
"  at  its  point  of  contad  with  the  filver,  becomes 
•*  poffcflcd  of  the  power  of  tinging  green,  red  cab- 
"  bage  juice,  and  of  rendering  turbid,  folution  of 
*^  muriate  of  mngncfia," 

The  chemical  aftion  of  bodies  upon  each  other  is 
increafcd  by  the  Galvanic  arrangement,  fo  much, 
that  fome  of  them  are  thereby  enabled  to  aft  upon 
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s  that  othcrwtfe  they  would  have  noa£tionupon. 
7,  Plate  XKIV.  rcprefents  a  glafs  tube  about 
Acbes  long.  Two  corks  are  thruft  into  its 
ores  A  and  B.  An  oblong  pieceof  zinc,  CD, 
d  into  one  of  the  corks,  and  is  made  to  pro- 
fithin  and  widiout  ^he  tube.  £FG  is  a  filver 
which,  bemg  fixed  into  the  other  cork,  pro- 
widi  the  extremity  £  within  the  tube ;  and  4ts 
extremity  is  bent  (b^as  to  come  near  the  pro- 
g  paurt  of  the  zinc  C. 

move  one  of  thofe  corks,  and  fill  the  tube  with 
:»  in  which  you  muft  muc  a  drop  or  two  of 
ttic  acid ;  then  replace  the  cork,  and  you  wilt 
bat  the  zinc  is  afted  uppn  by  the  diluted  acid ; 
idated  by  it,  and  bubbles  of  gas'  are  evolved 
it;  but  the  filver  wireE  remains  untouched, 
K>  gas  whatever  is  evolved  from  it.  Now,  if 
^end  the  filver  wire;  F  G,  fo  that  its  encl  G  may 
i  the  zinc  at  C,  then  the  Galvanic  circle  of 
V  zinc,  and  diluted  acid  is  completed,  in  con- 
rnce  of  which  the  diluted  acid  is  enabled  to  aft 
ger  upon  the  zinc  D,  which  is  manifefted  by 
Tsxrt  copious  evolution  of  gas,  and  is,  befides, 
led  to  aft  upon  the  filver  wire ;  for  now  you 
obferve  the  evolution  of  gas  from  the  filver  E 
—Break  the  contaft  between  G  and  C,  and  the 
r^E  will  ceaie  to  yield  gas.^Form  it  again,  and 
Mfill  again  proceed  from  the  filver. 
iftead  of  filver,  zinc,  and  diluted  muriatic  acid, 
may  in  the  fame  manner  ufe  gold,  tioi  and  di- 
luted 
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will  be  bettef  t6  immerfe  a  wire,  that  proceeds  firoA 
one  excremicy  of  the  batteryj  in  a  bafon'  of  watcTi 
wherein  you  may  plunge  one  of  your  hands  i  then 
grafping  <with  your  other  hand  well  moiftened,  a 
large  piece  of  metal,  for  inftance,  a  large  filfer 
ipoon,  touch  the  other  end  of  the  battery  with  it, 
and  the  (hock  will  be  felt  more  diftinftly.  By  ths 
means  the  Ihock.  has  been  felt  when  the  battery  con- 
fided of  lefs  than  20  repetitions. 

Inilead  of  one  perfon,  feveral  pe ribns  may  join 
hands,  (which  muft  be  well  moiftened  with  water) 
and  on  completing  the  circuit,  they  will  all  feel  the 
ihock  at  the  fame  inftant.  But  the  ftreng^  of  the 
fhock  is  much  diminifhcd  by  its  pafling  through  the 
feveral  pcrfons,  or,  in  general,  by  pafiing  through 
lefs  perfcA  condudlors. 

The  (hock  from  a  battery  confifting  of  50  or  60 
repetitions  of  the  moft  aftive  combinations  of  the 
firft  order  may  be  fck  as  far  as  the  elbows ;  and  the 
combined  force  of  5  or  6  fuch  batteries  will  give  a 
(hock  perhaps  much  ftronger  than  nioft  men  would 
be  willing  to  receive.  The  prepared  limbs  of  a 
frog  or  other  animal  are  violently  convulfed,  but 
foon  cxhaufted  of  their  irritability,  by  the  adtion  of  a 
Voltaic  battery. 

This  fhock  is  fimilar  to  that  of  a  large  common 
eleftrical  battery  weakly  charged,  and  not  to  that  of 
a  fmall  Leyden  phial  fully  charged.  The  difference 
confifts  in  this,  viz.  that  the  latter  contains  a  fnnail 
quantity  of  eledlric  fluid  highly  condenfed  i  hence 

its 
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1CS  di^chaigc  will  force  its  way  through  perhaps  an 
inch  of  airi  whereas  the  former  contains  a  vaft 
quantity  of  eleffaicity,  but  little  condenfed ;  hence 
iti  fpark)  viz.  its  courfe  through  the  air^  is  fo  very 
ihort^  that  the  fingers  muft  be  brought  almoft  into 
perfed  contaA  in  order  to  receive  the  Ihock;  and 
fuch  is  the  cafe  with  the  Voltaic  battf ry ;  for  the 
ihock  from  a  very  powerful  battery  of  this  fort  will 
Iiardly  ever  force  its  way  through  the  air^  when  the 
extremities  of  the  circle  of  communication  are  more 
than  a  fortieth  of  an  inch  diftant^  even  when  thofe 

« 

extremities  confift  of  perfeft  conduftors.  In  this 
cafe  a  fmall  but  very  vivid  fpark  is  feen  at  that  ex* 
tremity,  accompanied  with  an  audible  but  not  ftrong 
reporL  There  is  no  perceptible  difference  of  ap- 
pearance between  the  fpark  of  the  politive  and  that 
of  the  negative  end  of  the  battery. 

If  a  wire  proceeding  from  one  extremity  of  a 
pretty  (bong  Voltaic  battery  be  made  to  commu- 
nicate with  the  inlide  coating,  and  a'wire,  which 
proceeds  from  the  other  extremity  of  the  Voltaic 
battery,  be  made  to  copimunicate  with  the  outfide 
coating  of  a  common  large  jar  ot;  eleftrical  battery  % 
the  latter  will  thereby  become  weakly^  but  almoft 
in/tantatleoujlyy  charged,  in  the  fame  manner  as  if  it 
had  been  charged  by  a  few  turns  of  a  common  elec« 
crical  machine;  aftd  with  that  charge  you  may  either 
give  the  Ihock,  or  affcft  on  eledlrometer,  &c. 

In  fhort,  every  thing  confpires  to  prove  that  a 
Voltaic  battery  produces  a  vaft  quantity  of  eleftric 

VOL.  III.  K 1;  fluid. 
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Buidj  but  Hvhich  is  little  condenfed ;  and  indeed  It 
^ould  be  impollible  to  fuppofe,  tliar  the  eleftrk 
duid  could  proceed  in  a  very  condeAIed  Hate  from 
an  arrangement  of  bodies,  which>  wbethef  more  or 
lefs,  are,  however,  all  good  conductors  of  cledri- 
city  I  for  if  the  fluid  were  much  condenfed  at  one 
extremity  of  the  Vbltaic  battery,  and  much  rarefied 
it  the  other  extremity,  the  compenfation  would  (boa 
be  made  through  the  pile  itlelf.  Indeed  it  is  diffi* 
cult  to  comprehend  how  this  compenfation  does  not 
take  place  in  all  cafes. 

The  eleAric  fluid  may  probably  be  a  neceflaiy 
ingredient  in  the  compofition  of  bodies  i  and  perhaps 
the  chemical  aftion  of  one  body  upon  another  dif« 
engages  from  the  latter  the  electric  fluid,  as  it  diien* 
gages  the  caloric  in  feveral  cafes :  but  the  queftion 
is,  why  the  elcftric  fluid,  which  is  extricated  from 
the  bodies  of  a  Voltaic  battery,  is  forced  to  nnovc 
one  way ;  and  why  is  the  other  extremity  of  the  bat- 
tery in  a  negative  (late  of  eleflricity  ? 

Thofc  doubts  may  perhaps  be  cleared  by  future 
difcovcries ;  but  let  us  return  to  the  (latement  of 
fa£ls» 

Having  mentioned  above,  that  the  charge  of  a 
Voltaic  battery  may  be  communicated  to  a  com- 
mon eleftrical  battery ;  it  is  almoft  fuperfluous  to 
obferve,  that  the  fame  may  be  communicated  to  a 
condenfer,  or  to  my  multiplier,  and  from  it  to  the 
eleftrcmeter.  If  the  V'oltaic  battery  confift  of  200 
repetitions,  the  clcftrometer  will  be  affcftcd  by  the 

fimple  contafl. 
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The  fpark,  or  th^  difcharge  of  a  Voltaic  batceiy» 
%hcn  lent  through  thin  inflammable  bodies  t  at'are 
in  contact  with  common  or  oxygen  air,  fees  them  on 
fire,  andconfumes  them  with  Avonderful  aftiviry.  It 
Bres  gun-powder^  h}^drogen  gas,  phofphorus,  and 
other  combuftibles  j  it  renders  red-hot,  fufes,  and 
confiimes  very  flcnder  metallic  wires  and  metallic 
leaves.  The  modt  of  applying  the  power  of  the 
battery  for  fuch  purpofcs,  is  (hewn  in  fig,  18, 
FItte  XXIV.  where  AB  reprefents  a  powerful 
Voltaic  battery  5  ACDF  is  a  wire  which  commu« 
iiicates  ^ii^th  the  laft  plate  of 'the  battery  at  Ay 
B  K I H  G  is  another  wire  which  communicates 
t^ith  the  laft  plate  at  B.  D  E,  HI,  are  two 
glals  tubes,  through  which  thofe  wires  pafs,  and  into 
which  they  are  faftened  fufficiencly  fteady,  Thofe 
tubc^'ferve  to  move  the  wires  by  j  for  if  the  operator 
apply  his  fingers  to  the  middlemoft  parts  of  thofe 
tubes,  he  may  move  the  wires  wherever  he  pleafes> 
without  the  fear  of  Kceiving  a  (hock.  If  the  two 
extremities  F,  G,  be  brought  fufficiendy  near  to  e^ch 
other,  the  fpaiic  will  be  feen  between  them.  It  is 
between  thofe  extremities  that  the  combuftible  fub- 
ftances,  or  metallic  leaf,  &c.  is  to  be  placed,  in  ordei 
to  be  fired  or  confumed.  This  figure  reprefents  the 
fitiiation  of  the  wires  in  the  aft  of  inflaming  gun- 
powdci'*. 

Under 

*  A  battery  confifting  of  200 '  pairs  of  metallic  plates 
(viz,  copper  and  zinc,  each  5  inches  f<)uarej  melted  23 

|L  K  a  indses 
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Under  the  exhaufted  receiver  of  the  air-pump, 
the  Voltaic  battery  a6b  lefs  pbwerfully  than  in  the 
open  air ;  but  in  oxygen  air  it  afts  with  increafcd 
power. 

The  flafh  of  light  which  appears  before  the  eye 
of  the  experimenter,  when  the  eye  idelf,  or  fome 
other  part  not  very  itmote  from  it,  is  put  in  the 
circuit  of  a  Galvanic  combination,  does  not  appear 
much  greater  when  a  battery  is  employed*  than 
when  two  plates  are  applied  in  the .  manner  which 
has  been  already  mentioned  \  but  when  the  batteiy 
is  ufed,  the  faifation  of  a  flafh  may  be  produced  in 
various  ways.  If  one  hand  or  both  be  placed  in 
perfc6b  conuft  with  one  extremity  of  the  battery, 
and  almoft  any  part  of  the  face  be  brought  into 
contaA  with  the  other  extremity  of  the  battery,  the 
flafli  will  appear  very  diftinftly ;  the  experimenter 
being  in  the  dark,  or  keeping  his  eyes  fhut.  This 
flalh  appears  very  ftrong,  when  a  wire  which  pro- 
ceeds from  one  extremity  of  the  battery  is  held  be- 
tween the  teetli,  and  refts  upon  the  tongue,  whilft 
the  other  wire  is  held  in  the  hand.  In  this  cafe  the 
lips  and  the  tongue  are  convulfed,  the  flafh  appears 
before  the  eyes,  and  a  very  pungent  tafte  is  per- 
ccived  in  the  mouth. 

If  any  part  of  the  human  body,  forming  part  of  the 
circuit  of  a  Voltaic  battery,  be  kept  fometime  in  that 


inches  of  very  fine  iron  wire.  A  plttina  wire  about  ttt  i^^h 
in  diameter,  was  meltod  into  a  globule, 

(ituation, 
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fituadoni  the  irricadon  or  numbnefs  is  more  or  le(s 
diftinctj  and  more  or  lefs  painfull  according  to  the 
fenfibilicy  of  the  parts  concerned.  This  application 
is  likely  to  prove  moft  ufeful  as  ar  remedy  in  various 
difbrders.  Ic  is  faid  that  it  has  already  proved  be-^ 
neficial  in  dcafneiTes  and  in  rheumatifms.  It  highly 
deferves  to  be  tried  by  medical  perfbns. 

The  moft  extraordinary  phenomena  of  a  Volcaio 
battery  are  the  chemical  efie&Sj  and  the  modifica- 
tions which  are  produced  by  it  upon  4be  bodies  con- 
cerned, or  upon  fuch  as  are  placed  in  ^e  circuit.  I 
Ihall  firft  defcribe  the  fimpleft  mode  of  exhibiting 
the  principal  of  thofe  phenomena ;  namely,  the  evo* 
ludon  of  gas  from  water  i  from  which  the  mode  of 
oooiduAing  fimilar  experiments  is  eafily  derived; 
then  (hall  tranfcribe  the  various  particulars  which 
rdate  to  thofe  chemical  efFefts,  from  the  Journals,  of 
the  Britifh  Royal  Inftitution,  where  they  are  con- 
cifely  ezpreflfed ;  and  to  which  I  fhall  add  notes 
with  farther  illuftrations. 

A.B,  Fig.  19,  Plate  XXIV-  e^thibits  a  gkfs 
tube  full  of  didilled  water,  and  having  a  cork  afi 
5ach  extremity.  E  F  is  a  brafs  or  copper  wircj^ 
xvhich  proceeds  from  one  extremity  of  a  Voltaic 
(mattery,  and,  pafllpg  through  the  cork  A>  projcfls 
>vithin  the  tube.  H  G  is  a  fimilar  wire,  which  pro- 
ceeds from  the  other  extremity  of  the  battery,  ancl 
^omes  with  its  extremity  G  within  the  diftancc  of 
about  an  inch  or  two  from  the  wire  F. 

\v^  this  fituatioo  of  things,  you  will  find  that  bubbles 


of  ga»  proceed  in  a  conftant  ftream  (toim  die  fijr« 
fijtce  G  of  the  wire  which  proceeds  from  the  negi- 
dve  end  of  the  battery ;  thefe  bubbles  of  gas,  afc5eiid-  • 
ing  to  the  upper  part  of  the  tube,  accumulate  by  de- 
greeik    This  gas  is  the  hydrogen,  and  may  be  in<- 
flamed.  At  the  fame  time  the  other  wire  F  depofits 
a  ftream  of  oxide  in  the  form  of  a  fteam  or  dood, 
which  gradually  accunoulates  in  a  greenifh  form  in 
the  water,  or  on  the*  fides  of  the  tube,  and  is  a  per- 
fed  oxide  of  the  brafs.    The  wire  F  is  readily  dif- 
coloured  and  corroded.  If  you  interrupt  the  circuit 
the  produftion  of  gas  and  of  oxide  ceafes  immedi- 
ately.— Complete  the  circuit,  and  the  produdton  of 
gas  rea{^ears,  &c. 

This  produ£tion  of  gas  may  be  obferved  even 
where  the  battery^  confifts  of  not  more  than  fiit  or 
eight  repetitions  of  filver,  zinc,  and  water.  In 
fliort,  if  the  power  of  the  battery  be  fufiicient  to 
oxidate  one  of  the  wires  of  communication,  the  other 
wire  will  afford  hydrogen  gas  j  both  extremities  of 
the  wires  being  in  water*. 

In 


•  In  this  experiment  it  feems  that  the  hydrogen  is  fejfa- 
rated  from  the  water,  and  is  converted  into  a  gafeous  ftatc 
by  the  wire  conneftcd  with  the  negative  extremity  of  the 
battery ;  whilft  the  oxygen  unites  with  and  oxidates  the  wire 
conncfted  with  the  pofitive  end  of  the  battery.  If  you  con- 
ned the  pofitive  end  of  the  battery  with  the  lower  wire  of 
^e  tube,  and  the  negative  with  thQ  upper  i  then  the  hydrogen 

proceeds 


la  the  above  defcribed  apparatus^  a  littte  hol^ 
muft  be  made  m  the  lower  cork  B,  for  the  purpofib 
of  giving  e»t  to  the  water  in  proportion  as  the  gai 
it  fiwrned. 

^'  Iq  all  batteries  of  the  (irft  order^  when  the  con* 
^  oexion  is  completedi  changes  take  place  which 
'*  denote  the  evolution  of  influences  capable  of  pro« 
^  ducing  from  comwifiM  water^  oxygene  and  hydros 
^'  gcnej  acid  ^nd  alkali^  in  different  parts  of  the 
"  ieries. 


proceeds  from  the  upper  wire>  and  die  lower  wire  is  oxi«> 
dated.' 

If  tmo  wires  of  gold  or  plattna  be  ufed,  which  are  not  oxi* 
daUei  then  the  dream  of  gas  liTues  from  each,  the  water  is 
Jnnmiflird^  and  the  coIleAed  gas  is  found  to  be  a  mixture  gi( 
byd^pgen  and  oxygen*    It  explodes  violendy, 

Thofe  two  different  elaftic  fluids  may  be  obtained  feparate 
firom  each  other  by  the  following  means.  Let  the  extremi- 
des  of  the  two  wires,  which  proce^  from  the  battery,  be  im- 
Dierfed  in  water^  at  the  diftance  df  about  an  inch  from  each 
tsCber,  and  p^ce  over  e^ch  of  diem  a  fmall  gl^ft  veflfel  in- 
verted and  full  of  water»  as  in  ^.  20;  Plate  XXIV.  How« 
rver,  Dr,  Prieftley,  who  denies  the  convertibility  of  water 
|nto  hydrogen  and  oxygen  air,  thii>[|:s  diat  the  elaftic  fluid  in 
thefe  experiments  originates  from  the  air  which  is  contained 
in  the  water  \  ^S  fincc,"  fays  he,  "  if  by  means  of  oil  upon  the 
water^  or  a  vacuum,  accels  to  the  atixw)fphere  be  cut  off*,  the 
whole  produftion  of  gas  ccafes."  Nor  is  any  air  produced 
when  the  water  has  been  exhaufted  of  it.  See  Nichd- 
Ion's  Journal   of  Natural  Philofophy  for  March  l%o2^ 

page  198. 
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♦^  Thus  in  Ac  battery  with  ferics  of  zinc  plates, 
*'  filver  wires,  and  comnion  water,  oxide  of  zinc  is 
^'  formed  on  all  the  plates  of  zinc,  whilft  hfdrc^cn 
*'  is  pcoduced  from  the  filver  wires;  and  if  the  water 
'*  in  contaft  with  them  be  tinged  with  red  cabbage 
**  juice,  it  becomes  green. 

^  And  in  the  battery  with  filver,  gold,  and  weak 
^  nitric  acid,  the  filver  is  diflblved^  whilft  the  acid 
^  becomes  green,  and  flowly  evolves  gas  at  its  pobts 
'*  of  contad  with  the  gold. 
'  ^'  The  chemical  agencies  exerted  in  the  com- 
**  pound  batteries  of  the  firft  order  can  be  beft  ob* 
/^  ferved  by  the  fubftitution  of  fingie  metallic  wiies 
^^  £br  fome  of  {he  double  plates ;  fyt,  in  this  oiie, 
**  the  changes  taking  place  in  the  ferics  with  ii^res» 
^  will  be  exadly  analogous  to  thofe  produced  in 
"  the  ferics  with  plates;  filver,  and  all  the  more 
**  oxidable  metals,  oxydating  in  water,  in  the  ufual 
"  place  I  and  gold  and  platina  evolving  oxygcnc 
**  gas. 

*•  Thus,  when  into  two  fmall  glafs  tubes,  con- 
nedbed  by  moift  animal  fubftance,  and  filled  with 
diftillcd  water,  two  gold  wires  are  introduced  from 
*'  a  large  battery,  in  the  proper  order,  oxygcnc  is 
produced  in  one  quantity  of  water,  and  hydrogen 
in  the  Other,  nearly  in  the  proportions  in  which 
they  are  required  to  form  water  by  combuftion  : 
and  if  the  procefs  be  continued  for  fome  tiaie,  the 
apparatus  being  expofed  to  the  atmofphcre,  the 
water,  in  the  oxygenc-giving  tube,  will  become 

**  impregnated 
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^  impregnated  with  an  add  (apparendy  the  m- 
^  trous)  I  whilft  that  in  the  hydrogen-giving  tube 
^^  will  be  found  to  hold  in  foludon  analkali^  which^ 
*'  in  certain  dl(es>  has  appeared  to  be  fixed. 

^  From  fome  experiments  it  would  appear  pro- 
**  bable  that  the  quantities  of  hydrogenc,  produced 
'*  in  feriesj  are  fmall,  and  the  quandties  of  alkali 
^  great»  in  proportion  as  the  furfaces.of  contaft  of 
*'  the  leaft  oxidable  metak  with  the  water  are  nnore 
**  extended^ 

^'  All  the  oxygenated  foludons  of  bodies  pofleflii^ 
^'  kfi  affinity  for  oxygene  than  nafcent  hydrogene, 
^  are  dccompofed  when  expofed  to  the  adion  of 
^'  the  metal  occupying  the  place  of  the  leaft  oxida^ 
•*  bk  part  of  ihe  feries  in  the  compound  circle. 

^  Thus,  fulphur  may  be  produced  from  fulphu- 
"  ric  acid ;  and  copper  and  other  metals  precipi- 
**  tated  in  the  metallic  form  from  their  folvcnts  t. 

"  But 


*  ^  It  is  well  known  that  hydrogen  gas,  in  its  nafcent 
fiate,  reduces  the  oxydes  of  metals.  Accordingly,  when  the 
tube,  fig.  19,  is  filled  with  a  folution  of  acetite  of  lead  in 
difHlled  water,  and  a  communication  is  made  with  the  bat- 
tery as  above  defcribed,  no  gas  is  perceived  to  iflue  from  the 
wire  which  proceeds  from  the  negative  end  of  the  battery; 
but,  in  a  few  minutes,  beautiful  metallic  needles  are  per* 
ceived  on  the  extremity  of  this  wire ;  thefe  foon  increafe, 
and  afTume  the  form  of  a  fern,  or  other  vegetable.  Ti^e  lead 
thus  (eparated  is  in  its  perfect  metallic  fht^,  and  irery  In 
liant. 
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**  But  little  knowledge  hzs  yet  facfa  ebttiicd 
^'  cpircemiog  the  cbtmical  changes  taljung  place  ia 
<<  the  batteries  of  the  fecond  order,  ^ut  from  fe« 
^  veral  experiments  it  woyld  appear  that  tbcy  are 
^^  materially  different  in  the  laws  of  their  pro- 
^*  du&ion  from  thofe  taking  place  in  die  firft 
**  order,     ' 

'^  Thus>  when  fingle  metallic  wires  witii  water 
*^  are  placed  as  feries  in  powerful  batteries  of  the 
^  fecond  order»  the  influence  producing  oxygene 
*'  feems  to  be  tranfmitted  by  the  point,   in  the 

place  of  that  part  of  the  pl^fc^  which  wis  appin 

rently  incapable  of  undregoing  oxidatioo  s  whilft 


cc 


**  When  a  folution  of  fulphat  of  copper  is  employed^  die 
copper  IS  precipitated  in  its  metallic  (late;  but  inflead  of  ap- 
pearing in  cryftals,  it  forms  a  kind  of  button,  which  adheres 
firmly  to  the  end  of  the  vvire. 

*'  On  making  the  experiment  with  a  folution  of  nitrate  of 
filver,  the  filver  is  precipitated  in  the  form  of  a  beautiful  me- 
tallic bru(h,  the  metal  (hooting  into  tine  needle-like  cryftals." 
Garnett's  Annals  of  Philofophy,  vol.1,  p.  19. 

If  a  piece  of  iron  be  immerfed  in  a  folution  of  fulphat  of 
copper,  the  latter  metal  will  be  precipitated  in  a  metallic 
form,  and  will  adhere  to  the  furface  of  the  former.  Upon 
filvcr  merely  immerfed  in  the  fame  folution,  no  fuch  effect 
is  produced  ;  but  as  foon  as  the  tv/o  metals,  viz.  tl»e  filver 
and  the  copper,  are  brou;^ht  into  contaft,  the  filver  receives  a 
coating  of  copper.  Phil.  Tranf.  for  the  year  i8oi,  Wol- 
lafton's  Paper,  p.  428. 

7  *'  the 
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*  die  hydrogen  is  evolved  fix>m  that  point,  where 
^  the  oxidating  part  of  the  primary  feries  appeared 
««  to  cxift. 

**  The  agency  of  the  Galvanic  influence,  which 
'^  occafions/ chemical  changes,  and  communicates 
<<  elcArical  charges,  is  probably,  in  fome  nieafure^ 
^  diftind  from  that  agency  which  produces  fparks, 
^  and  the  cpmbuftiosi  of  bodies, 

«•  The  erne  appears  (all  other  circumftances  be- 
^  ii^  fimilar)  to  have  little  reladon  to  furface  in 
<*  compound  circles,  but  to  be  great,  in  fome  un- 
*'  known  proportion,  as  the  number  of  feries  are 
^  numerous.  The  intcnfity  o£  the  other  feems  to 
'^  be  as  much  conne£ted  with  the  extenfioo  of  the 
^  forfiioes  of  the  feries,  as  with  their  number*. 

««  Thus,  though  eight  feries  compofcd  of  places  of 
^'  zinc  and  copper,  about  lo  inches  fquare,  and  of 
^  cloths  of  the  iame  fiat,  moiftened  in  diluted  mu- 
^  riatic  acid,  give  fparks  fo  vividas  toburn  iron  wire ; 
^  yet  the  (hocks  they  produce  arc  hardly  fenfiblc, 
^<  and  the  chemical  changes  indiftinA;  whtlft  24 
^  feries  of  limilar  plates  and  cloths,  about  2  inches 


*  Van  Marum  gbferved,  that  the  intenfities  of  two  co* 
lumns  containing  an  equal  number  of  plates,  appeared  ^qual 
by  tbe  eleSironicter,  although  their  diameters  were  fo  dif- 
ferent as  one  and  five  inches.  On  taking  (hocks  from  both 
btttsries,  their  powers  alfo  feemed  to  be  equaU  In  the  fu« 
fion  of  wire,  however,  the  large  diameter  had  an  evident 
adraatiige« 

"  fquare. 
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^*  iquare,  which  occafion  (hocks  and  chemical 
^  agencies  more  than  three  dmes  as  intenfet  pre- 
**  duce  no  light  whatever. 

^'  A  meafure  of  the  incenfity  of  the  power  in 
*^  Galvanic  batteries,  producing  chemical  chaises, 
<^  may  be  derived  from  the  quanuty  of  gas  it  is  ca* 
"  pable  of  evolving  from  water  in  a  given  time." 

The  preceding  fa£ts  can  hardly  leave  any  doubt 
with  refpcA  to  the  identity  of  the  Galvanic  power, 
and  the  ele£tridty  which  is  produced  by  meai\s  of  a 
common  eleArical  machinci  or  that  is  brought  down 
from  the  clouds ;  but,  what  is  ftill  more  remarka- 
able,  it  reconciles  to  the  fame  principle  the  aniout 
eleftricity,  viz.  the  power  ofthe  torpedo,  gymnotus 
eledlricus,  &c.  fince  all  the  phenomena  of  the  ani- 
mal ele&ricity  agree  with  thofe  of  the  Voltaic  bat- 
tcrv. 

The  eleftrical  fiflies  give  the  ihock  in  water ;  and 
in  the  fame  manner,  if  the  ends  ofthe  wires,  which 
proceed  from  the  extremities  of  the  Voltaic  battery, 
be  immerfed  both  in  the  fame  bafon  of  v;atcr,  at 
feme  diftance  from  each  other ;  and  if  you  plunge 
your  hands  in  the  fame  water,  you  will  receive  the 
Ihock,  the  greateft  part  of  which  will  pafs,  not  through 
the  water,  but  through  your  body,  which  is  the  better 
condudor  of  the  two. 

The  ftrongcft  fbock  ofthe  gymnotus  will  hardly 
at  all  pafs  through  any  interruption  of  circuit,  and 
fuch  is  alfo  the  cafe  with  the  Voltaic  battery. 
But  the  moft  ftriking  circumftance  is,  that  the 

eleftriQ 
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cledric  organ  of  any  of  the  aboye -mentioned  iiihe^ 
feddis  to  be  conftrafted  cxaAly  like  a  Voltaic  bat^ 
terjr ;  for  it  confifts  of  litde  laminae  or  pellicles  ar- 
ranged in  columhS)  and  feparated  by  moifture  ^.  It 
ieems>  in  fhort,  to  be  a  Voltaic  battery,  confiding  of 
condudors  of  the  fecond  order  only;  but  undoubt^ 
cdly  of  different  conducing  powers. 

Though  the  Voltaic  battery  exhibits  all  the  lead- ' 
ing  properties  of  common  ele&ricity,  fuch  as  the 
attra&ioD,  the  (park,  &c.  yet  in  fome  effedls,  viz. 
the  dccompofition  of  water,  oxygenation  of  metals» 
&C.  the  former  feemed  to  difier  cbnfiderably  from 
the  latter  i  but  thofe  apparent  differences  have  been 
iuffictendy  recoriciled  by  fbme  very  ingenious  ex- 
periments and  obfervadons  of  Dr.  W.  H.  Wol- 

laftonf- 

With  relpcd  to  the  dccompofition  of  water, 

,  whkh  was  thought  to  require  very  powerful  eleftri- 
cal  machines,  he  jufUy  fufpe£i:ed>  that  by  reducing 
the  furface  of  communication,  the  dccompofition  of 
water  might  be  effeded  with  lefs  powerful  means;  and 
tim  was  verified  by  aftual  experiments.  '^  Having, 
*«  bejaysy  procured  a  fmall  wire  of  fine  gold,  and 

-  ^  given  it  as  fine  a  point  as  I  could,  I  inferted . 
"  it  into  a  capillary  glafs  tube ;  and  after  heating 


•  See  Hunter's  Papers  on  the  Torj^edo  and  Gymnotus, 
Phil.  Tranf.  vol.  63  and  75. 

+  Sec  his  .valuable  Paper  in  the  Phil.  TranC  for  iSor, 
Article  XXII. 
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*'  the  tube  (b  as  to  make  it  adhere  to  die  pointy  and 
**  cover  it  in  every  part»  I  gradually  ground  it 
*<  down^  till,  with  a  pocket-kns>  I  could  difcern  that 
^'  the  point  of  the  gold  was  expofed. 

^  The  fucceis  of  this  method  exceeding  my  ex* 
**  pe&ations>  I  coated  icveral  wires  in  the  fiime 
*'  manner^  and  founds  that  when  fparks  from  the 
*'  condudors  Were  made  to  pafi  throi^h  water,  by 
'^  means  of  a  point  lo  guarded,  a  /park  palling  to 
*<  the  diftance  of  I  ^^  ^^  inch  would  decompofe 
/*  water,  when  the  point  expofed  did  not  exceed 
•*  T-^y  of  an  inch  in  diameter.  With  another  point 
<'  which  I  eftimated  at  -riW  of  an  inch,  a  fuoDeflkm 
*^  of  iparks  ^  of  an  inch  in  length,  afibrded  a  cur- 
•*  rent  of  fmall  bubbles  of  air. 

*<  I  have  fiDce  found,  that  the  fame  apparatus 
*«  will  decompofe  water,  with  a  wire  ^  of  an  inch 
'*  diameter,  coaicd  in  the  manner  before  dcfcribcd, 
"  if  the  fpark  from  the  prime  condu&or  paflca  to 
"  the  diftance  of -rV  of  an  inch  of  air." 

He  alfo  found,  that  with  a  gold  point  fimilar  to, 
but  much  fmaller  than  any-of  the  above-mentioned, 
and  fimilarly  fituatcd  in  water,  the  mere  current  of 
elcftricity,  without  any  fparks,  would  occafion  a 
ftream  of  very  fmall  bubbles  to  rife  from  the  extre- 
mity of  the  gold. 

**  Having  coloured  a  card  with  a  ftrong  infufion  of 
litmus,  1  paflcd  a  current  of  cleftric  fparks  along 
it,  by  m^ans  of  two  fine  gold  points,  touching  it 
"  at  the  diftance  of  an  inch  from  each  other.    The 
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*'  cficd>  as  in  other  cafes,  depending  on  the  fmall- 
*^  nefsof  the  quantity  of  water,  was  moftdifcemiblc 
**  when  the  card  was  nearly  dry;  Ik  this  ftate,  a 
•*  very  few  turns  of  the  machine  were  fufficient  to 
^  occafion  a  rednefs  at  the  pofitive  wire,  very  ma- 
•*  nifeft  to  the  naked  eye.  The  negative  wire,  being 
**  afterwards  placed  on  the  fame  fpot,  foon  reftored 
**  it  to  its  original  blue  colour." 

Dr.  WoUafton  likewife  remarks  another  ft'rong 
point  of  analogy  between  the  eledbricity  of  rhe  Vol- 
cauc  battery  and  that  of  a  common  eledrical  machine; 
viz.  that  they  both  feem  to  depend  upon  oxidation. 
In-fiift,  a  common  ele&rical  machine  will  aft  more 
or  Icfi  powerfully,  according  as  the  amalgam  which 
IS  applied  to  its  rubber  confifts  of  metals  that  are 
more  or  lefs  oxidable. 

.  I  Ihall  not  proceed  to  conjefture  in  what  manner 
the  oxidation  of  metallic  fubftance  can  fumifh  elec- 
tricity, nor. (hall  I  deuin  my  reader  any  longer  with 
hypothefcs  concerning  Galvanifm  %  a  fubjed  of  re- 
cent difcovcry,  of  cJttenfive  influence,  and  which 
feems  promiGng  of  ample  recompenfe  to  the  in- 
doftry  of  diligent  experimenters;  but  which  is  (till 
involved  in  much  doubt  and  obfciiHty. 


I 

( 


t    5'^    3 


SECTION      IV. 


ON      MAGNETISM* 


AN  hard  mineral  body,  of  a  dark  grey,  or  dark 
brown,  and  foniettaics  almoft  black  colouri 
has  been  called  a  natural  magnet^  or  load-ftone.  This 
mineral,  which  is  an  iron  ore,  has,  from  time  imme- 
morial jufily  atcraded  the  attention  ofmankindjOn 
account  of  the  very  remarkable,  and  very  ulefiil, 
properties,  of  which  it  is  found  naturally  poflefled, 
and  which  arc  thence  denominated  magnelic  proper* 


iies^ 


The  magnetic  properties  may  alfo  be  communi- 
cated to  other  ferruginous  bodies  by  proper  methods; 


*  The  word  magnet  is,  by  fome  ancient  writers,  derived 
from  the  name  of  a  (hcphcrd,  by  whom  they  fuppofe  the 
oiagnet  to  have  been  tirft  dtfcovcrcJ  on  Mount  Ida.  It  was 
in  ancient  times  more  commonly  called  fiderites^  from  its 
propcrt/  of  attracli ng  iron,  which  metal  is  called  clory^, 
ill  Greek  ;  or  lapis  heracieuSy  by  Pythagoras,  Ariftotlc, 
Euripides,  and  others,  from  Heraclc.i,  a  city  of  Mi'jr^icfia 
in  ancient  Lydia,  wher-e  it  was  fuppofcd  to  have  been  rirll 
found.  It  has  alfo  in  later  times  been  called  lapis  nauticus^ 
fram  its  u.V  in  r.avl Lotion. 
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ib  that  thofe  bodies  will  afterwards  aft  exsldly  like 
natural  magnets ;  hence  the  latter  are  called  art\li^ 
tial  fiMgHits.  But  the  magnetic  properties  do  not 
leem  to  have  any  decided  agency  upon  any  other 
fubftance,  bcfides  iron  *  i  therefore  the  magnetSj 
^whether  natural  or  artificial,  and  the  .bodies^  upon 
vrhich  they  ad,  are  either  iron  in  its  pure  ftate,  or 
fuch  compound  bodies  as  contain  iron»  >At  kaft 
the  exceptions  are  rather  equivocal. 

A  magnet,  whether  natural  or  artificial,  is  always 
poflefled  of  the  following  charafteriftic  properties, 
which  arc  infeparable  from  its  nature ;  fo  that  a 
body  cannot  be  called  a  magnet,  unlefs  it  be  poflefled 
of  aH  thofe  properties  at  the  fsune  time;  neither  was 
there  a  magnet  ever  produced  which  had  one  only 
or  a  few  of  thofe  properties  j- : 

f  •  A  magnet  attracts  iron  and  other  ferruginous 
bodies. 

d.  When  a  nugnet  is  placed  (b  as  to  be  at  liberty 
to  move  itfelf  with  fufficient  freedom,  as  if  it  be 
-fufpended  by  a  thread,  &c.  it  turns  one,  and  con* 
ftantly  the  fame,  part  of  its  furface  towards  the 
north  pole  of  the  earth>  or  towards  a  point  not 


>i*-»a*«>*Mf*> 


•  The  few  and  trifling  exceptions  to  this  general  law  wiU 
be  noticed  in  the  fequel* 

t  In, the  firft  volume  of  the  Philofophical  Magazine, 
page  426,  it  is  faid  diat  the  ferpentine  of  Humboldt  has 
feme  of  the  magnetic  properties  onlyj  but  the  account  is 
imperfed,  and,  in  all  probability,  incorreA, 

VOL.  111.  L  L  much 
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mucli  difiant  from,  it  -,  and  of  courfe  ic  turns  die 
oppofiK  part  of  its  furfacc  towards  the  fouth  pok 
of  the  earth,  or  towards  a  point  not  much  diilaoij 
from  it.     Thofe  parts  on  the  furfacc  of  the  magntt  1 
are  therefore  called  its  folcs  ;  the  former  being  dcna-  ■! 
minated  its  ncr/Zr^o^,  and  the  hitec  its /M(/i> /oJ«  | 
l"his  property  itfcl/  is  called  iht  mapul's  dtrtShm  ' 
fewer,  or  the  mcgnetic  polarity ;  and  when  a  magne- 
cic  body  places  illcif  in  chat  direfiioDj  it  is  laid  to 
traoerfe.     A  plain  perpendicular  to  the  horizon,  and 
palling  through  the  poles  of  a  magnet  when  ftandii^ 
in  their  natural  direftion,  is  called  the  magneiic  me- 
ridian, and  the  angle  which  the  magnetic  mcridiio 
makes  with  the  meridian  of  the  place  where  the 
magnet  (lands,  is  called  the  dteHnation  of  the  meput, 
or  more  commonly  cf  the  ma^etk  needle  at  tSa 
tdaeej  bedtuft  tile  ardficial  nu^nets,  moiftly  oTed  for 
obierving  this  property,  are  generally  made  of  a 
Bender  tttxgc ;  and  fometimea  ieal  fewitig  ncedes, 
rendered  magnetic,  are  ufed  for  this  porpofe. 

J.  When  two  magnets  are  placed  fo  that  tbc 
imth  pc^  of  one  of  them  is  oppofite  to  the  ibodi 
fdeof  the  other,  then  they  attrad  each-otbcri  bat 
if-^  fouth  pole  of  one  ma^et  be  placed  opp^ie 
«o  the  ibuth  pole  of  the  other,  or  if  the  north  pok  of 
.the  one  be  brought  near  the  nonh  pole  of  the  other ; 
in  rither  cafe  a  repulfton  takes  place,  in  Aiort, 
magoetic  poles  of  the  lame  name  repel  each  odietf 
.but  thoije  of  diSerent  names  attra^  each  other. 

4>  When  a  magnet  is  fituated  fo  as  to  be  atli- 
baty 
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bcrty  to  move  itfclf  with  fufficicnt  freedom,  it  ge- 
nerally inclines  one  of  its  poles  towards  the  horizoiH 

and  of  courle  it  elevates  the  other  pole  above  it. 

_  •       •       • 

This  is  called  the  tnclmaiUm^  or  imping  <f  the  magna^ 
m  afibe  magjutic  needle.  ^ 

5.  Any  magnet  may,  by  proper  mediods;  be  made 
CD  impart  thofe  properties  to  iron,  or  to  fteel,  or,  in 
ihorr,  to  moft  ferruginous  bodies. 

The  particular  laws  which  have  been  afeertained 
with  refpeft  to  thofe  properties,  their  ufes,  and  tihe 
ififtniments  necefiary  for  thofe  purpoics,  will  be  de« 
Icribed  in  the  followiog  chapten. 


LL  8 
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CHAI'TER     L 


t,OI    MAOHETIC    ATTRACTtOK,    AND    JtEPOLSION. 


Apiece  of  iron  or  ftccl,  or  other  femiginouj 
fubftaiKc,  fufficiently  Imall,  being  brought 
wiihin  a  certain  diftancc  of  one  of  the  poles  of  a 
magnet,  (be  it  artificial  or  natural)  is  attrafted  by 
it,  fo  as  CO  adhere  to  the  magnet,  and  not  fuffer  to 
be  fcparated  without  an  evident  effort. 

This  attra^ion  is  mutual ;  viz.  the  iron  atcni^ 
the  magpetas  much  as  the  magnet  atrrads  thetiooi 
for  if  the  magnet  and  the  iron  be  placed  upon  two 
feparate  pieces  of  cork  or  wood,  to  float  upon  water 
at  fome  dtftance  from  each  other,  it  will  be  found 
that  the  iron  advances  towards  the  magnel^  ai  well 
as  the  magnet  advances  towards  the  iroRi  or  if  the 
iron  be  kept  fteady,  the  noagnec  will  move  «>• 
wards  it. 

Tht  force  or  degree  of  magnetic  attradlon  varies , 
'  according  to  diSerent  circumflances  i  viz.  a  magnet 
attrads  a  piece  of  fofc  and  clean  iroi)  more  forcibly 
than  any  other  ferruginous  body  of  the-  like  flupe 
and  weight,  efpccialty  fuch  as  are  of  a  harder  nature. 
Thus  hard  ftecl  or  hard  iron  ores  are  attrafted  le& 
fordUr 
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forcibly  than  foft  fteel,  and  the  latter  lefs  forcibly 
than  iron.  Oxygenated  iron  is  attra£ted  lefs 
forcibly  in  proportion  as  it  is  combined  with  more 
oxygen. 

If  the  piece  of  iron  be  prefented  fucceflively  to 
the  various  parts  of  the  furface  of  a  magnet,  it  will 
be  found  that  the  attraftion  is  ftrongeft  at  the  poles 
of  the  magnet;  that  it  diminifhes  in  proportion  as 
the  part  of  the  furface  is  more  diftant  from  the  poles; 
and  that  it  is  hardly  perceivable  at  thofe  parts  which 
are  equidiftant  from  the  poles  of  the  magnet. 

The  attradHon  is  ftrongefl:  near  the  furface  of  the 
magnet,  ^nd  diminifhes  as  the  diAance  increafes  % 
viz.  if  a  piece  of  iron  be  placed  in  contaffc  with  one 
of  the  poles  of  a  magnet  fufficiendy  ftrong,  they  will 
adhere  to  each  other,  and  a  certain  degree  of  force 
b  required  to  feparate  them ;  but  if  the  fame  piece 
of  iron  be  kept  at  a  certain  diftance  from  the  fame 
pole  of  the  magnet,  there  will  alfo  be  perceived  an 
endeavour  to  attraft  it;  but  the  force  neceffary  to 
prevent  that  attradtion,  will  be  found  much  lefs  than 
that  which,  in  the  preceding  cafe,  was  found  neceC* 
ikry  to  feparate  them ;  and  by  increafing  the  diftance 
the  attractive  force  will  be  found  to  diminilh.  Now 
it  is  very  remarkable  that  the  law  of  this  diminution 
of  the  attractive  force  has  not  yet  been  afcertainedj 
notwichflandin^  a  vaft  number  of  experiments  which 
have  been  made  exprefsly  for  the  purpofe.  Some 
philpfophers  have  found  it  to  decreafe  in  proportion 
to  the  fquares  of  the  diftances,  others  in  proportion 

hh  2  to 
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to  the  cubes  of  the  diflmcf  s,  and  others  ag^n  bsvC  j 
found  it  to  decreafe  according  to  one  ratio  within 
a  certain  diftance,  and  according  to  another  rado' 
beyond  that  diftance.  This  difference  of  rcfults  arifr*  , 
from  the  various  powers  and  (hapcs  both  of  the 
magnets  and  of  the  ironj  for  as  the  atcraftion  of 
the  whole  arifes  from  the  attradion  of  the  parts,  it  [ 
naturally  foUqws  that  if  you  gradually  remove  a  piccf 
of  iron  from  the  magnet,  the  diftances  betwren  the 
nearcft  parts  may  increafe  in  one  ratio,  whilft  th«  ' 
diftances  between  other  pans  will  increafe  in  ano^ 
ther  ratio,  and  by  changing  ihe  magnets,  or  the 
Jhapes  of  the  iron,  thofe  ratios  miift  ncceflarily  b^  , 
changed.— The  only  thing  we  can  fay  rcfpe^ii^  J 
this  decreafe  is,  that  the  attraflive  force  dtcrealcs 
'  fallcr  than  the  fimpk  ratio  of  the  diflincn*. 

There  is  a  limit  in  the  fhape  ind  weight  of  the  iroa 
which  tnay  be  moft  forcibly  attracted  by  a  giirca 
magnet  1  viz.  more  forcibly  than  a  fmaller  or  larger* 
a  more  or  lefsj  extended  piece  of  iron  1  but  this  fimit 
can  only  be  determined  by  actual  experimertcs.  A 
fingle  piece  (^  iron  is  attr^fted  more  forcibly  diaa 
if  it  be  divided  into  feveral  parts,  and  ail  thoie  paia 
be'  preffnted  to  the  fame  magnet. 

The  attradlen  between  the  djfl^ot  poles  of  two 


*  Such  experimetits  are  made  by  folbniing  a  magnet  to 
one  arm  of  a  balance,  by  placing  the  iron  at  different  diftancet 
below  ^e  magnet,  and  b;  counterpoUing  the  attnfitoo  wirfi 
weights  m  the  oppofite  icale  of  dte  balance. 
^ .         6 
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magnets  has  been  found  to  begin  from  a  greater 
diftance»  but  to  be  Ie(s  powerful  when  in  contact 
than  between  foh  iron  and  a  magnet. 

Magnetic  repulGon  takes  place  only  between  fi« 
milar  poles  of  different  magnets.  Thus,  if  the 
north  pole  of  one  magnet  be  opposed  to  the  north 
pole  of  another  magnet  i  or  if  the  fouth  pole  be 
oppofed  to  the  fouth  pole>  then  thofe  magnets  will 
repel  each  other,  and  that  nearly  with  as  much  force 
as  the  poles  of  different  names  would  attradt  each 
other*.  But  it  frequendy  happens,  that  though 
magnets  are  placed  with  their  like  poles  towards 
each  other,  yet  they  either  attrad  each  other,  or 
ihew  a  perfed  indifference.  Thefe  phenomena  feem 
to  contradict  the  above-mentioned  general  laws  but 
the  following  fadts  will  remove  the  difficulty : 

When  a  piece  of  iron,  or  of  any  other  fubftance 
that  contains  iron,  is  brbught  within  a  certain  dif> 
tanceof  a  magnet,  it  becomes  itfelf  a  magnet,  having 
the  poles,  the  attradive  and  repuUive  prc^rties^ 
&C.  like  another  magnet.  That  part  of  it  which 
is  neareft  to  the  magnet,  acquires  a  contrary  pola-^ 
rity,  and  the  oppofite  part,  the  lame  pokrity.  Thus, 
if  A  B,  fig.  I,  Plate  XXV.  be  an  oblong  piece 
of  iron,  and  be  brought  near  the  north*  pole,  N,  of 


•*■ 


«  The  decreafo  of  this  rq)u]five  force,  according  to  the 

increafe  of  the  diftance  between  the  two  magnets,  is  as 

irregular  as  the  above-mentioned  decreafe  of  the  attra£Uve 

fcrcc. 
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the  magnet  N  S,  then  this  piece  of  iron,  whilft 
ftarding  wiih'm  the  magnci's  fphcre  of  aftion,  wil! 
have  all  the  properties  of  a  real  magnet  j  and  its 
end  A  will  be  found  to  be  a  fouth  pole ;  viz.  con- 
trary to  [he  neareft  pole  N  of  the  magnet ;  whilft 
the  end  B  is  a  north  pole.  How  this  is  to  be  made 
evident  will  be  fhewn  in  the  fcquel. 

The  rtiagnctifm  which  is  acquired  by  being  placed 
within  the  influence  of  a  maoncr,  in  fofc  iron,  U(U 
only  whilft  the  iron  continues  in  that  fituaiion,  and 
when  removed  from  the  vicinity  of  the  magnet,  its 
niagiictifm  vanjfhes  immediately.  But  the  cafe  ii 
quire  different  with  hard  iron,  and  efpccially  with 
hard  (led ;  for  the  harder  the  iron  or  the  ftcel  is, 
the  more  permanent  is  the  magnctifm  which  it  ac- 
quires from  the  influence  of  a  magnet;  but  it  will 
be  in  the  fume  proportion  more  difficult  to  render 
k  magnettc  If,  for  inftance,  a  {oft  piece  of  irao 
and  a  piece  of  hardileel>  both  of  tiie  fame  fhapeaod 
Cze,  be  brought  within  the  influence  of  a  magnet 

.  at  die  fiimc  diftance»  it  will  be  found  that  the  iron  is 
aitraAed  more  forcibly,  and  appears  more  pvwa- 
Ailly  magnetic  than  the  fteel  i  but  if  the  magnet  be 
removed,  the  fofir  iron  will  inftantly  lofe  iu  mag* 
netifm,  vhcreas  the  hard  fteel  will  prcferve  it  ibr  a 
long  timc>  having  thereby  become  ao  artificial 
magnet. 

From  tbofe  fads  three  confequcoccs  areerident^ 

ly  deduced,  viz.  i%  That  there  is  no  magnetic  at* 

tra&ion  but  (ictwcen  fhe  contraiy  poks  of  magoeiai 

^  for 
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for  die  iron  or  other  fcmiginous  body,  wh'ch  is  pre- 
(ented  to  the  magnet,  muft  itfelf  beco  ne  a  m  ignet 
before  it  b  attraded ;  idly.  It  appears  why  a  mig* 
net  attrads  a  piece  of  foft  iron'  more  f  *  cibly  than 
hard  iron,  and  much  more  than  hard  ftecl ;  y\z. 
becaufe  the  latter  does  nor  become  fo  ftrongly  or  fo 
eafily  magnetic  as  the  foft  ironi  when  prefented  to  a 
magnet ;  and  jdly,  that  no  magnetic  repuifion  can 
take  place  but  between  poles  of  the  fame  name;  for 
vrhen  the  north  pole,  for  inftance,  of  one  magnet 
does  not  fcem  to  attraft  or  repel,  or  it  actually  at- 
tra£b  what  was  called  the  noi  th  pole  of  the  other 
magnet ;  the  hOi  is,  either  that  the  two  north,  or 
the  two  fouth  poles  have  dclVroycd  each  other ;  or 
that  the  fuperior  force  of  one  of  the  magncrts  has 
aftually  changed  the  poles  of  the  weaker  magnet ; 
as  is,  beyond  a  doubt,  proved  by  experiments. 

Neither  the  magnetic  attradion  nor  the  magnetic 
repulfion  is  in  the  leafl:  diminiflied  or  otherwife  af- 
fe<^ed  by  the  interpofition  of  any  fort  of  bodies,  ex- 
cept iron,  or  fuch  bodies  as  contain  iron. 

The  properties  of  the  magnet  are  not  afFeftcd 
dther  by  the  preience  or  by  the  abfence  of  air. 

Heat  weakens  the  power  of  a  magnet,  and  the 
fubfequent  refrigeration  reftores  it,  but  not  quite  to 
its  priftine  degree.  A  white  heat  deftroys  it  entirely 
or  very  nearly  fo  i  hence  it  appears,  that  the  powers 
of  magnets  muft  be  varying  continually.  Iron  in  a 
full  red  heat  or  white  heat,  (as  I  found  by  means  of 
very  decifive  experiments)  is  not  attradted  by  the 

magnet  1 
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jixit  the  atcraifrion  begins  to  aft  as  fooa  aii 

►6  begins  to  difappear*. 

Ctradive  power  of  a  magnet  niaj  be  iq^ 

onfidcrablr  by  gradually  adding  more  aocL' 

ght  to  it  i  keeping  it  at  the  fame  time  la  ft 

tuation,  viz.  with  ics  north  pole  towards  thf, 

c.     And  on  the  contrary,  that  power  mx§, 

■'!«  '"     '  "  improper  fituation,    and  bjf, 

'  piece  of  iron,  or  no'  iron  st  aJJ^. 

* 
ms  that  in  thefe  northern  parts  of  the  vorlt^ 

the  nortJi  pole  of  a  magnet  ha>  more  power  t.San  it|: 
(both  pole,  whereas  the  contraiy  cBcct  has  beca, 
laid  to  take  place  in  the  {btitliern  pafts  of  tb; 
wotU. 

Amoiigil  the  natural  magnets,  the  fmallcft  gp*  ^ 
ocrally  pofie&  a  greater  attradive  power  in  propor- 
tion to  their  Tizc  than  tiiore  of  a  larger  6zc.  1  Iwve 
fcen  a  finalt  magnetthac  weighed  about  Gx  or  levea 
grains^  andwhich  could  lift  a  weight  of  about  300 
'  grains.  '  Magnets  of  above  two  pounds  wright  icN 
dom  lift  up  ten  times  their  own  weight  of  trotk 

It  frequently  happens,  that  a  natural  magnet,  OK 
cH*  from  a  larger  load-ftone,  will  he  able  to  lift  a 
greater  weight  of  iron  than  the  original  load^fcooe 
itfclf.  This  nnift  be  attributed  to  the  betCfogcDeoui 


•  See  my  Treatife  on  Magnetjlhi,  3d  fdition.  Pact  IV. 
Chap.  IV.  for  fiuthcr  psuticuUrs  relative  to  u. 
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nature  of  the  original  load-ftone^  of  which  the  part 
cut  off  may  be  the  pureft. 

As  both  magnetic  poles  together  attraft  t  much 
greater  weight  than  a  (ingle  pole,'  and  as  the  two 
poles  of  a  magnet  generally  are  in  oppofite  parts  of 
its  furface,  in  which  cafe  it  is  almoft  impoflible  to 
adapt  the  fame  piece  of  iron  to  them  both  at  the 
ianr»e  time  ;  therefore  it  has  been  commonly  prac- 
ti(ed  to  adapt  two  broad  pieces  of  (oft  iron  to  the 
poles  of  the  ftone^  and  to  let  them  projed  on  one 
fide  of  the  (lone ;  for  thofe  pieces  become  themfelves 
magnetic  while  thus  (ituated^  and  to  them  the 
piece  of  iron  or  weight  may  be  ea(ily  adapted. 
Tho(e  two  pieces  of  iron  *  are  generally  faftened 
upon  the  ftone  by  means  of  a  brafs  or  filver  box. 
The  magnet  in  this  ca(c:  is  faid  to  be  armed^  and  the 
two  pieces  of  iron  are  called  the  armature. 

Fig.  a,  Plate  XXV.  repreients  an  armed  mag- 
net, where  AB  is  the  load-flone,  C  D,  CD»  are  the 
armature,  or  the  two  pieces  of  foft  iron,  to  the  pro- 
jefHons  of  which  DD  the4ron  weight  F  is  to  be 
apfilied.  Thed6tsECDCD  reprefent  the  brafi 
box  with  a  ring  act  £,  by  which  the  armed  magnet 
may  be  fufpended. 

Artificial  magnets,  when  (Iraight,  are  fometimes 
armed  in  the  fame  manner ;  but  they  are  frequently 
made  in  the  (bapc  of  a  horfc-(hoe,  having  their 
poles  $it  the  truncated  extremities,  as  at  N  and  S, 
fig.  3,  Plate  XaV.  in  which  (b ape  it  is  evident, 
that  they  want  no  armature. 
.  .  It 


It  has  been  faid  above^  ,that  the  magnet  attrads 
iron  only^  or  fuch  bodies  as  contain  iron ;  and  as 
iron  is  vniverfally  difperfed  throughout  the  natural 
bodies^  it  is  evident  that  a  vaft  number  of  bodies 
muft  on'  that  account  be  attraAed  by  the  magnet 
more  or  leis  forcibly,  in  proportion  to  the  quantity 
and  quality  of  the  iron  they  contain.  Indeed  it  is 
wonderful  to  obferve  what  a  fmall  admixture  of  iron 
will  render  a  body  fenfibly  attraAible  by  the  magnet. 
Yet  it  muft  be  acknowledged,  that  though  every 
body  which  contains  iron  is  in  fbme  meaiiire  at* 
trailed  by  the  magnet,  it  does  not  follow  that  no 
other  body  can  be  attracted  by  it.  Experience 
Ibews  that  a  vaft  number  of  fubftances  are  in  a 
very  flight  degree  attra(5tible  by  the  magnet,  and 
thofc  fubftances  feem  to  contain  either  no  iron  at  all, 
or  an  exceedingly  fmall  quantity  of  it,  extremely 
diffufed  and  oxidated.  To  manifeft  this  fmall  de- 
gree of  attraftion,  the  fubftances  muft  be  placed 
upon  a  piece  of  paper  or  a  light  ftiaving  of  cork,  to 
float  upon  water,  and  a  ftrong  magnet  muft  be  gendy 
approached,  fideways,  within  fometimcs  a  tenth  of 
an  inch  diftance  from  the  fubftancc  under  trial.  In 
this  manner  it  will  be  found  that  the  following  fub- 
ftances are  in  fome  meafure  affeded  by  the  magnet; 
viz.  moft  metallic  ores,  efpecially  after  their  having 
Leen  expofed  to  a  fire.  Zinc,  bifmuth,  and  particu- 
larly cobalt,  as  well  as  their  ores,  are  almoft  always 
attrafled.  Of  the  earths,  the  coleareous  is  the  leaft, 
if  at  all,  and  the  filiceous  is  the  moft  frequendy,  ai. 

trafted. 


traftcd.  The  ruby,  the  chryfoHcc  and  the  tourmalin 
arc  attrafted.  The  emerald,  and  particularly  the 
garnet,  are  not  only  attraded,  but  frcquendy  ac* 
quire  a  permanent  polarity.  The  opal  is  Weakly  at- 
tracted. Amber  and  other  combuftible  minerals  are 
attraded,  efpecially  after  combuftion.  Moft  animal 
aiid  vegetable  fubftances  after  conhbuftion  are  at- 
traded.  Even  foot,  and  the  du(t  which  ufually  falls 
upon  whatever  is  left  expofed  to  the  atmoiphere^ 
are  fenfiUy  attraded  by  the  maghet  *• 

About  15  years  ago,  I  difcovered  feveral  re- 
markable fads  relative  to  magnetic  attradion  i^  the 
principal  of  which  are  as  follows : 

If  moft  ipecimens  of  brafs,  which  fhe  w  no  attradion 
towards  the  magnet,  be  hammered  (viz.  be  hardened  by 
being  beat  with  a  hammer  or  with  a  ftone  or  other- 
wife)  will  in  tliat  hardened  ftate  be  attraded.  The 
lame  piece  of  brafs  will  no  longer  be  attraded  after 
being  foftened  in  the  fires  ^  fecond  hammering 
will  again  render  it  attradibfe,  and  fo  on  repeatedly. 

Moft  of  the  native  grains  of  pladna  have  the  fame 
property,  viz.  hammering  renders  them  attradible 
by  the  magnet  i  and  heat  deprives  them,  as  well  as 
brafs,  of  that  property. 


*  See  Bnigman  De  Aflinlt.  Magnet.  This  author's 
experiments  were  publifhcd  fome  years  ago ;  and  lately  die 
lame  flight  attradlion  has  been  (hewn  under  another  (hape^ 
as  a  new  dircovery.  See  La  Decade  Pbilofophique^  N°  21  i 
or  the  Journals  of  the  Britifh  Royal  Inftitution,  N^  8. 

The 
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The  attra&ioii  bctvecn  iron  and  the  imgpeC  n 
ipcmied  bjr  the  adion  of  the  nitric^  and  pardcuhuiy 
of  the  fiilphiiHc  add  vpaa  the  iron,  during  the 
e^fervcfcepce.  For  dibpurpole  the  iron  was  phceil 
];i  a  proper  vcflel  near  oqe  end  of  a  magoedc 
Mcdlej  (▼&  a  magnetic  bar  lightly  fufpendod)  whidi 
was  a^  fittfe  'defledcd  fix)m  its  natural. diredion  bf 
the  proziauty  of  .the  iron ;  but  when  diluted  fuU 
phuric  acid  was  poured  upon  the  iront  and  the  ef 
ferveicence  took  pUce,  the  noagnedc  nedtle  Qwved 
a  little  towards  the  iroo^  (hewing  that  die  attnAion 
iruincreaied  by  the  aftbn  of  theacid*  The  nitric 
add  produced  die  like  eflfedi  but  not  £>  powerfi%« 
Whep  the  efienrefixnce  was  nearly  fini(hfd|  the 
lieedle  was  feund  to  fiand  fiuther  fitnn  the  iron  dian 
it  did  before  the  add  was  poured  upon  the  iron  i 
which  was  certainly  owing  to  the  iron  remaining  in 
an  oxygenated  ftate  *• 


*  For  iaither  particulars  refpeding  thofe  dUcoveries,  fee 
the  PhiloTc^ical  Tranla^ons,  vol.  76  and  779  or.  my 
Tieatife  on  Magnediin. 
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CHAP.    11. 


0r  THB   magnet's    DIRECTIV£    PROPBRTYj 

OR    POLARITY. 


NO  magnet  is  without  a  fouth  and  a  north  pole ; 
but  it  frequently  happens  that  the  lame  mag- 
net has  ixx>re  than  two  poles ;  viz.  two*  or  more 
north  polesy  and  as  many,  or  at  leafl:  as  many^  and 
one  more  or  lefs^  ibuth  poles^  on  different  parts  of 
its  (iirface ;  and  this  principally  arifes  from  the  irre- 
gular Ihape  of  the  magnet. 

Thofe  various  poles  are  afcertained  by  prefeoting 
the  various  parts  of  the  furface  of  ^he  magnet  in 
qfueftion  to  a  given  pole  (for  inftance^  the  north]  of 
a  (lender  magnet  lightly  fufpended,  and  obferving 
which  parts  attract  it  and  which  repel  it ;  (or  the 
latter  muft  be  north  poles^  and  the  former>  foutli 
poles. 

Ic  fometimes  happens,  though  not  frequ^ndyt 
that  two  poles  of  the  fame  name,  and  equally  pow- 
er(ul>  are  at  the  oppofite  extremities  of  a  magnet* 
and  a  pole  of  the  other  name  lies  n  the  middle,  in 
which  cafe  the  magnet  has  no  tendency  to  place  it* 
felf  in  the  magnetic  meridian.  But  good  magnets, 
of  an  uniform  texture  and  (hape,  have  two  polrs 

onlv, 
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Only,  which  lie  at  oppofice  parts  ofdicir  fiirfiioeii  lb 
that  a  line  drawn  from  the  one  to  the  ocher»  paBb 
throi^  the  centre  of  the  mi^gnet%  That  fine  b 
caHed  the  Axir,  and  a  iiife  &rni^  all  round  the  fiir^ 
Jbce  of  the  magneti  by  a  plane  which  diirides  the 
Ais  bttf  tm>  di)Qal  parti,  tnd  U  perpeftdicidtt*  to 
it*  is  called  the  ifM^^  tU  mtpM.^  Thus  phi- 
lolbphers  Jiave  appropriated  to  the  magoetSy  the 
ix)Ies,  the  equator^  as  aUb  the  mcrkKana  of  the. 
fearlft  i  btft»-  to  aMMfdete  dke  fittiflaritft  -'  in^2iiels 
idivtf  6firi»  been  mide  of  ftfpherical  flii^,iiKAidie 
j>ole^t  theequatofv  the  merkfiahs^  &c  markoAiipon 
their  furfiK:es.  When  thus  fliaped,  diejr  havt  ten 
cafied /m^flkxt  that  is,  jiM0  M^ 

'  When  a  magnet  having  two  poles  is  freely  fht 
pended,  or  if  it  be  placed  to  float  upon  water  and 
no  iron  be  near,  it  will  place  itfelf  in  the  nnagnetic 
meridian,  viz.  with  its  north  pole  towards  the 
northern,  and  of  courfe  with  its  Ibuth  pole  towards 
the  fouthem  parts  of  the  world,  and  that  in  every 
part  of  the  world. 

This  wonderful  property  of  the  magnet  forms  die 
mod  ufeful  part  of  the  fubje£t  of  magnetifm.    It 

*  Here  it  mud  not  be  underftood,  that  the  polarity  of  a 
magnet  rtfides  only  in  two  points  of  its  furface ;  fori  in 
truth,  it  is  the  half,  or  a  great  part  of  the  magnet,  that  is 
pofieflfeJ  of  one  polarity,  (viz.  has  the  property  of  repelling 
the  like  pole  of  another  magnet)  and  the  reft  of  the  magnet 
is  poPicfle  i  o'"  the  other  pt  larity ;  the  poles  then  are  thoTe 
poll  ts  in  whi^h  that  power  is  the  ftrongeft, 

is 
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is  this  property  that  enables  the  mariners  to  conduct 
their  vefTeis  through  vaft  oceans,  out  of  the  fight 
of  landy  in  any  given  dire£bion ;  this  diredive  pro^ 
pcrty  guides  the  miners  in  their  fubcerranean  exca- 
vationsy  and  the  traveQer  through  deferts  otherwife 
Smpaflable. 

The  general  mediod  is  to  keep  a  magnet,  be  it 
artificial  or  natural,  freely  fufpended,  which  in  that 
cafe  will  place  idfclf  very  nearly  north  and  fouth  ; 
then  the  navigator^  by  lookiifg  at  the  direftion  of 
this  magnet,  may  fleer  his  courfe  in  any  required 
diredion.  Thus  if  a  veffei  fetting  off  from  a  certain 
place,  tm&.  go  rb  another  place  which  lies  exadly 
weftwiattl  of  the  former }  the  navigator  mufl:  direft 
it  io^  that  its  courfe  may  be  always  at  right  angles 
With  the  diredion  of  the  magnet,  keeping  the  north 
tnd  of  the  magnet  on  the  right-hand  fide,  and  of 
courfe  the  foudi*end  on  the  left-hand  fide  of  the 
Veflel ;  for^  as  the  magnet  or  magnetic  neCdle  Ties 
Borth  and  fouth,  the  direftion  eafl  and  wefl,  which 
is  the  intended  courfe  of  the  veflpl,  is  exaftly  per- 
pendicular  to  it.  A  little  reflexion  will  eafily  fhew 
how'the  veflel  muft  be  fleered  in  any  other  direftion. 

Ah  artificial  fleel  magnet,  fitted  for  this  purpofe 
in  a  proper  box,  is  called  the  magnetic  needUy  or  che^ 
mariner's  compafs^   or  Jea  compafs^   or  fimply  the 

eampqfs^. 

Though 

-       -  - 

^  It  is  not  prccifely  known,  when  and  by  whom  this 

wonderful  property  $f  the  magnet  was  diicovered.     The 

▼ot.'  ui.  MM  mc^ 
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:  Thougjb  the  Mtdi-pok  bf  the  magpsei  in  eraf 
ftit  of  the  world  is  dbt&nA  towards  tbe'tionlMfi 
fHurts^  «d  die  foqdi  pole  toinirdi  the  Ibiidben 
jMurtsi  yet  diat  ^Kdioii  feUomis  aaSdf  ia  ik$ 
direftion  of  Ae  poles  of  the  cahkr  .  In -other  woidi 
the  magnejdc  mcridian»  and  the  real  meridian  in  paf 
^ven  place*  fddocn  ^ooiiiclde..  The  ang^  vluch 
diey  mdce  is  cdkd  the  migk  $f  ditMafiimi^  t)tAid^ 
cUtMim  ^tb^  wk^iittiic  MoAf  sbid  dds  decKnaoon  u 
QudxKkbc  i^fi  or  w(0p  according  as  the-noith  pok 
of  die  nee&  is  eaftwaid  or  weftwaid  of  tfauftnono* 
.  O^cal  meriditn  of  the  placCiT 

This  decUnadon  IS  <iificrent  in  diftreitttplaQes  en 
lBn4>.si  wkU  as  atAai  and  is^  befides,  .candnasllf 
vatyiog:  in  the  laiM  place.  For  infiance,  the  dcdi^ 
nation  in  London  is  not  the  fiune  as  at  Paris,  or  at 
in  India  I  and  the  declination  in  London,  or  in  anf 
other  place,  at  this  timc>  is  not  the  fame  as  it  was 
fome  years  ago.  The  change,  or  the  variatiim  of 
the  declination  may  be  obfcrvcd  even  in  one  or  two 
hours  dnie  ;  or  nnore  properly  (peaking,  the  mag- 
netic meridian  in  any  one  part  of  the  world  is  con- 


moft  probable  accounts  fcem  to  prove  that  this  dire£livc  pro- 
perty of  the  magnet  was  known  early  in  die  rjth  century  j 
and  that  the  perfbn  who  iirft  made  mariner's  compafles,  a: 
leaft  in  Europe,  was  a  Neapolitan  of  the  name  of  Fhv!«>, 
or  John  de  Gioja,  or  Giova,  or  Gira,  who  iikewife  livcJ 
in  the  13th  century.  Sec  my  Treatifc  on  Magnetifm  iiX 
farther  hiftorical  particulars. 

tinuoll/ 
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kinually  (hifcing  its  Ctuation*.     This  is  not  owing 
to  the  various  cbnftruftion  of  the  magnetic  nccdlfc ; 
for  in  the  fame  place  and  time  all  good  magnetic 
•  needles  arc  direded  the  fame  way* 

The  declination  and  xhc  variation  of  the  declina- 
tion in  different  parts  of  the  world  is  fo  uncertain  as 
not  to  be  foretold ;  an  aftual  trial  is  the  only  me- 
thod  of  afcertaining  it.  This  therefore  forms  a 
great  impediment  to  the  perfcftion  of  navigation. 
It  is  true  that  navigators  and  other  obfcrvers  endea- 
vour to  afcertain  the  declination  in  various  parts  of 
th^  world^^and  fuch  decliriatioris  are  fet  down  upon 
maps,  charts,  in  books,  &c.  but  on  account  of  the 
continual  variation,,  they  can  only  ferve  for  a  few 
years  f  i  nor  has  it  as  yet  been  difcovered  that  this 

^— ^— M^  I  ■  ■■         ■  ■  »  I  111  ■  ■  , 

*    This  variation   of  thfi    declination  was   difcovered 
by  Columbus,  in  his  firft  Voyagd  to  America  in  the  year 

•f  The  bed  charts  of  magnetic  declination,  are  a  chart  by 
]3r.  Halley,  which  was  formed  upon  the  obfervations  made 
In  the  beginning  of  the  laft  century,  and  a  chart  formed  by 
Mcffieurs  Mountaine  and  Dodfon,  which  contains  the  ob- 
servations made  in  the  year  1 756.    In  thofe  charts  the  ob- 
fervations are  mariced  by  means  of  dots,  and  a  line  is  drawn 
through  all  the  dots,  which  indicate  the  fame  declination ; 
but  it  is  continued  farther  by  conjeiRure  or  guefs;  thus  va- 
rious lines  are  drawn  indicating  the  various  declinations 
The  line  of  places,  whereupon  the  magnetic  needle  points 
due  north  and  fcuth,  h  C2l\eii  the  line  of  no  declination.     It 
IS  obfervable  that  thofe  declination  lines,  though  in  fome 
places  very  crooked,  never  crofs  each  other, 

M  M  2  variation 
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varUtioo  or  flu£ti3atien  is  fiitgeft  to  wfVimmc  p&» 
liod^  thougjb  various  kypodicib  hav?  been  ofibcd 
jothe|>uhfic.. 

\  The  ftjQowing  T^le  conoins  the  dedhuttion  of 
die  magnetic  needle  at  different  {daces  upon  the 
earth,  as  dbfenred  inthe  annexed  years.    N«  B.  Bf 

tA  or  WeJft  deditiation  it  is  meant  that  the  nordi 

.         ■  ■  ■  •  •     - 

end  of  the  ^needk  inclines  eaftward  or  mrdhratd  of 
the  aftronomicaSl  meridian.  ' 
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From  the  laft  Table  it  appears,  that  wfien  ih« 
variation  was  firft  obferrcd,  the  north  pole  of  the 
magnetic  needle  declined  eailward  of  the  meridian 
of  London  ;  but  it  has  lince  that  time  been  ad- 
vancing continually  towands  the  weft  ;  fo  that  in 
the  year  1657,  the  magnetic  needle  pointed  due 
north  and  fouth.  At  prefent  it  declines  about  24*1 
weftward,  and  it  feems  to  be  flill  advancing  towards 
the  wert. 

It  appears  Hkewife,  that  the  annual  variation  is 

by  no  means  regular,  and  fuch  is  likewife  the  cafe 

.  with  the  daily  or  hourly  variation  i  which  tliough 

evidendy   influenced    by  heat  and  cold,  docs  not 

however  fbiiow  any  known  law. 

The  firft  of  the  following  Tables  contains  a  fpc- 
cimen  of  hourly  variation,  as  obfcrved  by  the  late 
ingenious  Mr.  Canton,  F.  R.  S-  The  fccond  thews 
the  mc^a-  variation  for  each  mtontli  in  the  year,  as 
deduced  from  the  fame  Mr.  Canton's  pumerous 
obfervations*. 

*  philolbphipJ  TranDlAioQfi  vc^  I4> 
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The  following  are  axioms  rcfpefting  the  declina« 
tion  of  the  magnetic  needle  colledcd  by  L.  Cottcj 
to  which  he  adils  others  rcfpcfting  the  northern 
lights  J  «s  being  concerned  in  the  movemcnti  of 
ihc  needle. 

1.  *'  The  grcatcft  declination  of  the  peedle  from  j 
ihc  north  towards  the  wed,  takes  place  about  two 
in  the  afternoon,  and  the  grcateft  approximation  of  ' 
it  towards  the  north,  abcut  eight  in  the  morningj 
fo  that  from  the  Jaft  mentioned  hour  till  about  two 
in  the  afternoun,  it  endeavours  to  remove  from  the 
north,  and  between  two  in  the  afternoon  and  tfas 
next  morning,  to  approach  it." 

2.  "  The  annual  prcgrcfs  of  the  magnetic  needle 

is  as  follows: — Between  January  and  March,  it  re-  ' 
moves  from  the  nijrth  j  between  March  and  Ntijr 
it  approaches  it;  in  June  it  is  ftaiionary  ;  in  July  it 
mnoves'  from  k ;  in  Auguft^Septembcri  3^i\  OAo- 
ber>  it  approaches  it  i  its  declination  in  CVtober  i» 
the  fame  as  in  May ;  »n  November  and  December 
it  removes  froip  the  nonh  :  ks  grcateft  weftern  de-r 
rlinJtion  is  at  the  vernal  equinox,  and  its  grcateft 
spproximttion  to  the  north,  at  the  autumnal  equi- 
nox." 

3.  "  Ti«:  declinvion  of  the  magnetic  needle  is 
different,  according  to  the  latitude:  among  us  ic 
has  always  incieafcd  fince  1657 ;  before  that  pcriot) 
it  was  eafterly." 

4.  *'  Before  volcanic  eruptionqsnd  earthquakes, 
the  magnetic  needle  is  often  rubjc(^  to  very  extraor* 
dinary  moTcments." 
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5.  "  The  magnetic  needle  is  agitated  before  and 
^fter  the  appearance  of  the  northern  lights :  its  de- 
clination on  thofe  Qccafions  is  aboyt  noon  greater 
0ian  ufual." 

6.  **  Th.c  greater  or  lefs  appearance  of  thefe 
northern  lights  is  variable :  fome  years  this  pheno* 
menon  is  very  frequent,  in  others  uncommon ;  fbr 
two  or  three  years  they  have  occurred  very  fcl- 
dom/' 

7.  **  The  northern  lights  are  more  frequent  about 
the  time  of  the  equinoxes  than  at  other  periods  of 
the  year." 

8.  '^  This  phenomenon  i$  ahnoft  conftant  ^pr* 
ing  the  long  winter  in  the  polar  regions,  and  is  the 
more  uncommon  the  nearer  the  equator/' 

9^  "Southern  lights  have  been  obferved  alfo  in 
the  regions  near  the  fouth  pole." 

10.  "  I'he  northern  lights  arc  often  accompar* 
nf  ed  with  lightning,  axul  a  noife  like  that  of  ele6tri- 
city ;  while  the  lightning  proceeds  partly  frdm  the 
middle  of  the  northern  lights,  and  partly  from  the 
neigl)boqring  clouds/' 
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CHAP.    ni. 


or    THE    MAGNETS    INCLINATION,    OR    < 
DIPPING    NeCDLE. 


TAKE  a  globular  magnet,  or,  which  is  more 
eafily  procured,  an  oblong  one,  like  S  N, 
fig.  4,  PUte  A  XV,  i  tJiC  CKtrcinity  N  of  which 
it  the  north  po!«,  ihc  other  extremity  S,  is  tlic  foutli 
pok,  and  A  is  ics  iriddle  or  equator  ;  place  it  hori' 
zontally  upon  a  table  C  D  i  then  take  another  fmall 
oblong  magnet  ji  s,  fviz.  a  bit  tif  (Iccl  wire,  or  a 
fmall  fewing  needle  magnetized)  and  fulpend  it  by 
means  of  a  gne  thread  lied  tq  its  middlp,  ib  as  to 
remaiii'ia  an  borizontsl  pofition,«l]en  notdiftuibed 
t^  the  vtcioitjr  of  ireOf  or  Other  magnet.  Koif  if' 
the  fame  fmall  magnet,  being  held  hy  the  upper  put 
of  the  thread,  be  brought  ju^  over  the  middle  of 
the  large  magnet,  within  two  or  three  inches  of  ic. 
the  former  will  turn  its  fouth  pole  /,  towards  tho 
north  pole,  N,  of  the  large  magnet ;  and  its  north 
pole  n,  towards  the  Ibuth  pole  S,  of  the  large  (we. 
It  will  be  fiirther  obferved,  that  the  fmall  magnet, 
whilft  kept  jull  over  the  middle  A  of  the  large  one, 
will  remain,  parallel  to  it ;  for  lince  the  poles  of  the 
~     5  fimU 
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fmall  magnet  are  equally  diftant  from  the  contrary 
pole^  of  the  large  magnet,  they  are  equally  zu 
traded.  But  if  the  fmall  magnet  be  moVed  x 
tittle  nearer  to  one  end  than  to '  the  other  of  the 
large  magnet,  then  one  of  its  poles,  namely,  that 
iKrhich  is  neared  to  the  contrary  pole  of  the  large 
magnet,  will  be  inclined  downwards,  and  of  ceurfc 
the  other  pole  will  be  elevated  above  the  horizon* 
It  is  evident  that  this  inclination  muft  increaie  ac«» 
cording  as  the  .fmall  magnet  is  placed  nearer  to  one 
of  the  poles  of  the  large  one,  becaufe  the  attradtion 
of  the  nearefl:  pole  will  hav^  more  power  upon  it. 
If  the  fmall  magnet  be  brought  juft  oppofite  to  One 
of  the  poles  of  the  large  magnet,  it  will  tufn  the 
contrary  pole  towards  it,  and' will  place  itfelf  in  the 
&me  ftraight  line  widi  the  axis  of  the  large  nmgnet. 
N.B.  All  thofe  fituations  are  reprefented  in  the 
figure. 

After  having  obfcrved  this  very  cafy  experiment, 
die  reader  may  eafily  comprehend  the  phenomena^ 
.of  the  magnetic  inclination,  or  of  the  dipping  needle 
upon  the  furface  of  the  earth ;  for  he  needs  only 
imagine,  that  the  earth  is  the  large  magnet,  (as  in 
truth  it  is)  and  that  any  magnet  or  magnetic  needle 
Commonly  ufed,  is  the  fcwing  needle  of  the  pre- 
ceding experiment;  for  admitting  that  the  north 
pole  of  the  earth  is  poffcflcd  of  a  fouth  magnetic 
polarity,  and  that  the  oppofitc  pole  js  poflfefTed  of  a 
north  magnetic  polarity»  i^  appears,  as  is  confirmed 
by  aftual  experience,  that  when  a  magnet  or  mag* 

ned? 
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nctic  n^edle^  properly  (hapcd  and  fufpcndcd,  is  kepi 
near  the  equator  of  the  earth  (or,  more  properly 
ipeaking,  near  the  magnetic  cijuat6r  of  the  earth  ; 
fince  neither  tlie  magnetic  equator,  nor  the  mag- 
netic poles  of  the  eslrth,  cointide  with  its  real  equa-» 
tor  aind  poles)  it  muft  remain  in  afi  horizontal  (itua- 
tion  J  if  it  be  removed  ftearer  to  one  of  the  magnetic 
poles  of  the  earthy  it  muft  incline  one  of  its  extre- 
mities, namely,  that  which  is  pofleflTcd  of  the  con- 
trary polarity ;  and  the  faid  inclination  muft  increafe 
in  proportion  as  the  needle  recedes  from  the  mag- 
netic equator  of  the  tarth.  Lafily,  when  the  needld 
is  brought  juft  over  one  of  the  magnetic  poles  of 
the  earth,  it  muft  ftand  pefpendicular  to  the  ground. 

A  magnetic  needle,  properly  made  and  fufpended 
for  the  purpofe  of  ftiewing  this  property,  is  called 
the  dipping  needle,  and  its  dircftion  in  any  place  is 
called  the  magnetical  line. 

My  reader  muft  not  be  furprized  to  hear,  that  a 
Jouth  magnetifm  is  attributed  to  the  north  pole  of 
the  earth ;  it  being  only  meant,  that'it  has  a  mag- 
netic polarity  contrary  to  that  end  of  the  magnetic 
needle,  which  is  direfted  towards  iti  and,  as  we  call 
the  fame  end  of  the  needle  a  north  magnetic  pole, 
we  muft  of  neceftity  attribute  a  contrary  polarity  i 
viz.  a  fouth  magnetic  polarity  to  the  aftronomical 
rorth  pole  or  northern  parts  of  the  earth.  It  follows 
that  the  aftronomical  fouth  pole  or  fouthern  parts 
of  the  earth,  muft  be  poflcfled  of  north  magnetic 
polariry. 

If 


^  ih€  Dipping  Neidk.  •  54-^ 

a  the  aftronomical  poles  "oi  the  earth  coincided 
with  its  tftagnctic  poles ;  or  even  if  the  magnetic 
poles  ftood  conftancly  at  a  ftxed  diftance  from  thenr^ 
the  inclination  of  the  needle,  a*  well  as  its  declina- 
tion would  remain  unalterable  j  hence,  from  ob- 
ferving  the  direftion  of  the  magnetic  needle  in  any 
particular  place,  the  latitude  and  longitude  of  that 
place  might  be  afcertarned ;  .but  the  cafe  is  far  dif- 
ferent ;  for  the  magnetic  poles  of  the  earth  do  not 
coincide  with  its  real  poles  i  they  neither  are  eq.ui- 
diftant  from  them  j  and  in  fadt  they  are  continually 
(hifting  their,  places ,-  hence  the  magnetic  needle 
changes  continually  and  irregularly,  not  only  its 
horizontal  dirc^ion,  but  likewife  its  inqlination^ 
according  as  it  is  removed  from,  one  place  to  an- 
other,  as  alia  whilft  it  remains  in  the  very  faTne 
place.  Hov/ever,  the  change  of  dip  or  of  inclinaw 
tion  in  the  fame  place  is  very  trifling.  In  Londoa 
about  the  year  1576,  the  north  pole  of  the  dipping 
needle  ftood  7 1"  50"  below  the  horizon,  and  in  the 
year  1775  it  fliood  at  72*  j' ;  the  whole  change  of 
inclination  during  fo  many  years  amounting  to  leli 
than  a  quarter  of  a  degree,  allowing  the  accuracy 
of  dh^c  obfervations. 


(44  Oftht  Magnet's  tnclinatim,  ifc. 


1 


The  following  Table  contains  a  few  obfervarioi* 
OD-thc  inclioadon  of  ihc  needle  in  various  placet. 
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CHAP.    IV. 


bp    COMMUNICATED     MAGNETISM. 


IT  has  been  already  mentioned,  that  tvhen  a  fer- 
ruginous body  comes  within  a  certain  diftance 
bf  a  magnet,  it  becomes  icfelf  a  rhagnet ;  alfo  that 
this  magnetifm  is  more  ealily  communicated,  but 
at  the  fame  ^ime  rhore  eaHly  loll  by  foft  iron  than 
by  fteel.  Hence  it  appears  that  the  beft  method  of 
making  artificial  magnets,  confifts  iii  applying  one 
or  more  powerful  tnagnets  to  pieces  of  the  hardeft 
fteel,  becaufe  thofe  pieces  will  thereby  acquire  a 
confiderable  magnetic  power,  and  will  retaih  it  for 
a  very  long  time.  In  this  operation  care  miift  be 
had  to  apply  the  north  pole  of  the  magnet  or  itiag- 
nets  to  that  iextremity  of  the  piece  bf  fteel  which  is 
required  to  be  made  the  fouth  pole,  and  to  apply 
the  fbuth  pole  of  the  magnet  to  the  oppofite  extre- 
mity of  tl)e  piece  of  fteel.  In  the  fame  manner  a' 
weak  magnet  may  be  rendered  more  powerful  by 
the  application  bf  ftronger  magnets,  or  its  power 
may  be  reftored  when  loft. — A  magnet,  by  com- 
municating magnetifm  to  other  bodies,  has  its  own 
power  rather  increafcd  than  diminilhcd.— There 
VOL.  in,  N  N  arc 
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are  ieveral  methods  of  performing  this  opcntion  | 
we' (hall  defcribe  the  beft  prdendy  s  but  let  ui  pie- 
▼ioufly  take  notice  of  nH^is^  commonly  called  dtf 
mediod  of  magnetixmg  fted  without  any  magpet 

Stri£i:ly  Ipeaking^  this  method  does  noc  ciiftt  fcr 
there  is  90  .|na^^(bt  cqaupwnicated'  but  by  the 
'  aftion  of  another  magnet  %  and  id  Ae  dK>TeHnoeD- 
tioned  mednxl  the  .ma^gnccic  power  is  ori^nallf* 
,.  communicated  from  the  earthy  which  Is  a  real  nag^ 
jieti:  asis  evidendy  and  eafily  Ihcwo  by  the  fidbw> 
ing^  experiment. 

Take  a  ftratght  bar  of  loft  iron  (tuie  <^  two  or 
tbree^feet  in  lengthy  and  about  three  quapten  i/m 
.^  inch  ^  diaipeter,  or  ft  common  hota  kMttei  pakcTi 
...will  atifwer  perfeftly  weB),  and^  in  ikcSknmiitm 
.  parts  of  the  worlds  if  you  keep  k  in  a  vertical  pofi- 
tion»  viz,  with  one  end  A  towards  (he  ground,  and 
with  the  othef  end  B  upwards,  you  will  fkid  thattbr 
bar  in  that  (icuation  is  magnetic  1  the  lower  extre- 
mity A  being  a  north  pole,  capable  of  attracting  the 
fouch  pole  of  a  magnetic  needle^  and  of  repelling 
the  north  pole  of  the  needle;-  and  the  upper  extre- 
mity B  being  a  fouth  pole.— If  you  invert  the  b«r>   ' 
viz.  place  ic  with  the  extremity  B  downwards^  its   | 
pjlarity  wiU  be  inftantly  reverfcd,  vix.  the  cxtrr-   ! 
mity  B,  which  is  now  the  loweft,  will,  be  found  v> 
be  a  north  pole,  and  the  extremity  A  a  fouth  pole  *' 

'  *  An  iron  b^r  of  four  or  five  f49et  in  length,  and  above  if^ 
ineh  thick,  when  placed  in  this  fituation,  wijl  be  capable  of 
attrading  a  finall  bit  of  iron,  er  a  finall  cemmon  fewiA| 
needle. 

The 
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The  explanation  of  this  curiousi  phenomenon  is 
teGly  deduced  from  the  preceding  laws;  for  fince  in 
thefe  northern  parts  the  earth  is  poflTefTed  of  a  fouth 
polarity,  the  lowefl:  part  of  the  iron  bar,  by  being 
kieareft  to  it,  tnuft  acquire  the  contrary,  viz.  the 
north  polarity  \  the  ocher  extremity  of  the  bar  be- 
coming of  courfe  a  fouth  pole.  It  follows  likewife 
(and  it  b  confirnned  by  aftual  experiments) ;  ift* 
That  in  the  fouthem  p&rts  of  the  earth  the  lowefl: 
part  of  the  iron  bar  acquires  the  fouth  polarity  1 
idly^  That  on  the  equator  the  iron  bar  muft  be 
kept  horizontal,  in  order  that  it  may  acquire  mag^^ 
netifm  from  the  earth;  and  jdly,  That  even  in 
thdc  parts  of  the  earth  the  mod  advantageous  fitu^ 
adon  of  the  bar  is  not  the  perpendicular,  but  a  little 
inclined  to  the  horizon.  In  (hort,  in  every  part  of 
the  world  the  iron  bar  muft  be  placed  in  the  mag- 
netical  line ;  viz.  in  the  diredion  of  the  dipping 
needle. 

A  bar  of  hard  iron,  or  of  fteel,  will  not  anfwer 
for  the  {tbove  defcribed  experiment,  the  magnetifm 
of  the  earth  not  being  powerful  enough  to  magnet 
tize  it. 

After  this  experiment  it  will  be  eafily  underftood 
that  permanent  magnetifm  may  be  communicated 
in  a  variety  of  Ways.  Thus  bars  of  iron  which  have 
ftood  long  in  a  pretty  fevourable  direction,  viz. 
dther  north  and  fouth,  pr  perpendicular^  &c.  gene- 
rally acquire  a  permanent  magnetifm,  for  the  con^* 
dniial  a&ion  of  the  earth's  magnetifm  daily  commu« 

» if  a  nicates 


J4^  tf  €immmdim§4  kiffi^ 

.  nkates  inore  and  more  power  to  %  at  i^^uM. 
tune  chat  dK  ircitf,  efpccuiny  if  ic  be  not'  ireij  ^ 
grows  nthcr  bankr  by  ni^ftjng^^or  ^ricingi  tkc* 
■'  if  «n  obloog  i»ete  df  prttqr  hand  iron  be  taHi 
red^  hot,  and  dien..be  left  fo  coorl  in  Ae  nng^ieddd 
Ibe,  it  will-dieicby  acquire  a  degree  of  ptnttnte 
tnagnetUiDtf 

If'aniron  bar,  wbilft  ftandihg  in^Ae  fiuigneQtil 
linei  be  ftrudk  forcibly  and  rcpeaccSdIy  wic|)  an  hoi- 
ner  oh  one  of  its  ends^  it  fiequehc)y  aidqiiirfii  ^ 
.fnanent  magnedfffi- ^rom  it.  In  Ihoi^  wljriirtcr 
fecmi  to  render  the  iron  or  the  fSeel  njbreibfeepd- 
t^e  of  magnctiTm  (be  it  heat,  oi^  -vibrifioi^  fni 
£riaioo),  if  adannU^red  whilft  d^''iriM'dl*Attli! 
HI  the  proper  dirmion,  is  likely^  to  fix  the  lid^- 
netifm  in  it  $  hence  an  ele£tric  (hock,  or  a  ftrokeof 
lightning,  or  drilling,  hammrring,  &c.  frequcndy 
magnetizes  the  tools  themfclvcs,  or  other  piccti  of 
iron  and  ilecl  concerned. 

When  a  magnet  is  appfied  with  one  of  its  poles 
to  one  extremity  of  a  pretty  long  ftcel  bar,  the  later 
will  thereby  acquire  a  permanent  degree  of  mag- 
netifm  s  biit  it  will  be  found  to  have  fcveral  pdte» 
viz,  the  end  which  has  touched  the  magnet  will  be 
found  poflcflcd  of  the  contrary  polarity  (fayfoi*ifl-  'i 
ftance,  north);  a  little  farther  oh.  It  will  be'fbtuxt  i 
poffcffcd  of  the  fouth  polarity  j  fomc  wayfeyood  ;j 
that  you  will  find  another  north  polarity,  and  fo  /t 
/orth  alternately.  But  if  the  bar  be  not  vcryloagi  / 
then  it  will  be  found  pofiefled  of  two  p6tes  only,  r^  < 

anortb 
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north  pole  at  one  end,  and  a  fouth  pole  at  the 
ther;  which  (hews  that  there;  is  a  linnit  in  the  length 
f  the  bar,  which  renders  it  the  moft  eligible  for  an 
r^ficial  magnet. 

A  magnet  cannot  communicate  ^  degree  of  mag- 
etifm  ftrongcr  than  that  which  itfelf  poflcfles ;  but 
i^o  gr  more  magnets  joined  together  may  conimu- 
icaijc  9  greater  pp>yer  to  a  piece  of  ftcel^  than  either 
f  them  ppflJ^/Tcs  fingly :  hence  we  haye  a  method  of 
pnftnj^ing  yery  powerful  magnets,  by  firft  con- 
trading  fev/cral  we^k  magnets,  ^nd  then  joining 
hem  together,  xo  fi^rro  a  compound  magnet  i  an4 
9  aft  with  great  power  upon  a  piece  of  fteel. 

^ince  a  bar  of  foft  iion,  fituated  in  the  magnetical 
inc,  is  rendered  magnetic  by  the  earth ;  therefore, 
f  in  that  fituation  we  apply  a  fmall  bit  of  fteel,  op 
.  commpi^  fewing  needle  to  it,  this  needle  will 
hereby  acquire  a  permanent  degree  of  magnetifm, 
nd  thus  feveral  needier  may  be  rendered  mag- 
ictic ;  then,  by  joinjng  thofe  necrdles  together  in  a 
ittle  bundle,  you  may  wi;|i  them  magnetize  feveral 
Mgcr  pieces  of  fteel,  each  of  wjiich  will  acquire 
norc  power  than  any  of  the  fingle  needles.  With 
hofc  pieces  of  ftpel,  joined  together,  you  may  mag- 
netize bars  ftill  larger,  and  fo  forth.— The  needles 
night  alfo  be  magnetized  by  means  of  eleftric 
bocks,  or  by  hammering  j  for  a  fmart  ftroke  of  a 
lammer  will  frequently  render  a  fmall  needle  mag- 
netical.  But  without  infifting  any  longer  upon 
(bofe  various  methods,  I  ftiall  fubjoih  Mr.  Canton's 

N  N  3  proceft 
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procefi  ijbr  cdoftrudiog  im^piietial  bu^  lli^ W^,. 

rate  oTwKidi^in  be^iy  d^uc^  b^j3b^  li^iyM'* 

raiaer  m>m  the  pcecQdu^jplartioittn. 

According  to.  Mr.  Cuuoo  *.    Ikt  fis''btili 'fe* 

mi*  rfVoft  fteet  tbbut  3  indies 'ioi^  •  *-^ 

broady^andV^'incK'tliick.    Let  alio 

bart  be  made  quite  hardt  and  abdul^fik  iiiCMi 
long*  liair  ah  inchbroafl,  aM' one-c^did^ 
£kch  of  thofe  feu  of  Im  tdufthi^^^ 
foft  iron  called  JBi^ttiA^ 

•  Qbe  bar  of  the  refpe&itne  (Tet;  One  tM  cJT  tiidi  tf 
cKeie  12. bars  muft  be  mailced  wfAVlin^  wbni' 
epd^  is  to  becoixije  tbe'  n6rth  pole.     l^tt'tttBf^ 

.  aliqi(n  iron  pokier  and  tob£^  that  hallei]iEefl*]i^ 
Inule. 

Place  the  poker. nearly  upright^  or  rather  in'tho 
iTiagnetical  Iine>  with  its  point  downwards ;  and  kt 
one  of  the  fofc  fteel  b^rs  be  tied^  by  nieans  of  a 
threads  to  the  nniddle  of  it,  and  with  the  marked 
end  downwards ;  then  with  the  lower  end' of  Ac 
tongs  held  alfo  in  an  upright  poficion,  or  in  the  mag^ 
netical  line,  ftroke  ;he  deel  h^x  frpm  the  maiiced 
end  upwards,  about  lo  times,  on  both  fides,  which 
will  give  it  power  enough  to  keep  fuipended  a  fmall 
key.  Thus  communicate  the  magnetifm  (o  fodrof 
(he  fmaU  bars» 
This  donci  lay  the  two  other  fmall  bars  on  a  taUe 

parallel  to  each  other,  about  a  quarter  of  an  inch 

-  -  ■  ^ 

f  Phi}.  Traof,  for  the  jvm  17^1  and  175a. 
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afunder^  and  between  their  iron  condudors  A  B^ 
CD,  fig.  5,'  Plate  XXV.  taking  care  to  place 
•the  nnarlced  end  of. one  of  the  bars  on  one  fide,  and 
the  marked  end  of  the  other  bar  on  the  oppofite 
fide.  Now  place  the  four  bars,  already  made  mag- 
netic, inxhe  form  fhewn  in  fig.  6,  Plate  XXV. 
viz.  two  with  their  north  poles  downwards,  and 
the  other  two  with  their  fouth  poles  downwards. 
The  two  of  each  pair  muft  be  placed  breadth  to 
breadth,  and  the  two  pairs  being  put  contiguous  to 
each  other  at  top,  muft  be  kept  open  at  a  fmall  an-^ 
gle  by  the  interpofition  of  fome  hard  fubftance  J. 
This  fort  of  compound  magnet,  formed  of  the  four 
}*irs,  muft  be  placed  with  its  aperture  on  the  middle 
of  one  of  the  foft  bars  AC,  taking  care  to  let  the 
fouth  poles  H  be  towards  the  marked  end  of  the  bar 
A  C,  and  the  north  poles  F  towards  the  other  ex- 
tremity. In  this  poficion,  the  compound  magnet 
muft  be  Aid  from  end  to  end  of  the  faid  bar,  viz. 
when  the  poles  H  are  arrived  at  C,  move  the  com- 
pound magnet  backwards  the  other  way,  till  the 
poles  F  come  to  A,  &c.  Thus  ftroke  the  lying 
bar  four  times,  ending  at  the  middle ;  from  whence 
take  up  the  compound  magnet,  and  remove  it  to 
tlie  middle  of  the  other  lying  bar  B  D,  taking  care, 
as  above,  to  let  the  fouth  poles  be  towards  the 
marked  end  of  the  bar  \  rub  this  in  the  like  manner; 
then  turn  the  bars  AC,  B  D,  with  the  fides  that 
ftood  towards  the  table,  upwards,  and  repeat  the 
Qperation  on  thofe  other  fides.    This  being  done, 

V  H  4 ,  tal(c 
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*n  .the  two  bars  AC,  B  D,  and  let  them  forifl 

'  r  two  of  the  compound  magnet ;  and  plaa 

lich  were  before  the  two  otitfide  ones,  bejj 

X\  ic  pieces  of  iron  or  conduftors,  and  i 

'ich   the   compound    magnet    formed  OUCJ 
o      he  other   four  bars,    in  the' fame  manner  w, 
before.     This  operation  m'jft  be  repeated  till  cich 
of  the  ft;  IS  bCL         3bed  four  or  five  times, 


by  whic       1 
degl       >i  1 

V  :  Im      1 

mafnctic,  in  order  to 


acquire  a  coD(iderab{c 

v%  been  thus  renderc 
]unicatc  the  magntiifnij 
to  tA\  I   if  then)  upon  the  tabl^f|l 

weer  rs,  or  pieces  of  iron,  in 

the  fame  manner,  and  with  the  fame  precautions,  as 
were  ul'ed  for  the  fmall  bars ;  then  form  a  com- 
pound magrec  with  the  fiii  fmall  bars,  placing  three 
of  them  with  the  north  poles  (Jownwardsj  and  the 
three  others  vifh  their  fouth  poley  downwards. 
Fl&ce  chofe  two  parcels  ^c  an  angle,  ys  was  done 
with  four  of  them,  the  north  e^tr^mity  of  one  par- 
cel being  put  contiguous  ^o  the  fquth  fztremity  of 
the  other ;  and  with  this  compound  mdgnet,  flroke 
four  of  the  large  bars>  one  after  the  other,  ;ibout  20 
times  on  each  lide,  by  which  me^iu  iher  wilt  ac- 
quire fome  magnetic  power. 
'  When  the  four  large  bars  have  been  fi>  far  ren- 
dered [i)agn'etii;,'the  fm^ll  bars  are  laidafide,  and 
the  larg^bnes,aj^.1Jtrengthcned  by  tbcmlelves,  in  tb^ 
fame  manner  as  was  doop  vitj}  the  fmall  ban. 
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With  fome  fort  of  ftcel,  a  few  ftrokes  are  fuffi- 
jcicnt  to  impart  to  tbem  all  the  power  they  are  ca- 
pable of  retaining ;  other  forts  require  a  longer 
operation  ;  and  fotpetimes  it  is  impoffible  to  give 
them  more  than  a  juff  fenfible  degree  of  mag- 
netifm. 

In  order  to  expedite  the  operation,  the  bars  ought 
to  be  fixed  in  a  groove,  or  between  brafs  pins; 
otherwife  the  attraftion  and  friftion  between  the 

•  •  •         . 

bars  will  be  continually  deranging  them,  -  when 

placed  between  the  cbnduftors. 

•  .     »  *    *        '1 

A  ftt  of  fuch  bars  arc  exceedingly  ufcful  for 
inagnerizing  other  bars,  or  needles  «>f  compafles, 

.  &c.  their  power  may  alfo  be  increafed  when  loft 
pr  impaired  by  rfiifm^nagcnrient,  &c.    A  fet  of  fucfc 

V  bars,  viz.  fix  bars  and  xht  two  iron  conduftors,  may 
be  preferved  in  a  box ;   taking  care  to  place  the 
rorth  pole  of  one  contiguous  to  the  fouth  pole  of 
the  next,  and  that  contiguous  to  the  north  pole  of 
jhe  third,  &c,  a§  Ihewn  in  fig.  7,  Plate  XXV  *. 

After  what  has  been  (aid  above,  I  need  not  de- 
fcribe  how  a  knife,  or  any  piece  of  fteel,  &c.  may 
!bc  rendered  magnetic,  or  in  what  manner  a  weak 
magnet  may  be  rendered  ipore  powerful.  But  it 
may  perhaps  be  neceflary  to  fay  fomething  concern- 
ing the  communication  of  magnetifm  to  crooked 
^ars  like  ABC,  fig.  8,  Plate  XXV. 


•  For  other  methods  of  magnetizing,  fee  my  Treatifc 
pn  I4agnetifn3. 
':     ■'•        ■•  •  Place 


r 
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Place  the  croolvcd  bar  flic  upon  a  table,  and  to 
its  extremities  apply  the  magnetic  bar  DF,  EGi 
joining  their  extremities  F,  p,  with  the  conduclor 
or  piece  of  foft  iron  FG  :  then  to  its  middle  apply 
the  magnetic  bars  placed  at  an  anglf,  as  in  Mr. 
Canton's  mcihod,  or  you  may  ufe  two  bars  only, 
placed  as  Ihewn  in  fig.  8,  and  ftrokc  the  crooked 
bar  with  cliem  from  end  to  end,  following  the  di- 
rcdion  of  that  bent  bar;  fo  that  on  one  fide  of  it 
.the  magnetic  bars  may  fland  in  the  direction  of  the 
dotted  reprefentation  L  K.  In  this  manner,  wlwrn 
the  piece  of  (led  ABC  has  been  rubbed  a  fufficicnt 
number  of  times  on  one  fide,  it  muft  be  turned  with 
the  other  fide  upwards,  tec. 

In  this  proccfs  (as  well  as  has  been  direflcd  in 
Mr.  Canton's)  the  magnets  D  F,  E  G,  as  alfo  the 
magnets  H,  1,  muft  be  placed  fo  that  their  fouth 
poles  be  towards  that  eurenilcy  of  the  crooked 
fteet,  which  is  required  to  be  made  the  jiorth  pole, 


« 
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CHAR     V, 


THEORY    OF    MACNETiSIC^ 


IN  the  prefent  chapter  we  Autll  briefly  take  notice, 
ift>  Of  the  principal  phenomena  of  the  earth's 
magnetifm ;  and  adly^  Of  the  fuppofird  niagnctic 
fluid 

That  the  earth  a  As  as  a  great  noagnet  is  fo  clear- 
ly indicaced  by  a  variety  of  fa&s  and  coolidcratigns, 
that  at  prefent  it  is  hardly  poffible  to  doubt  of  it» 
In  the  Hrft  place  the  directive  property  of  the  mag-, 
netic  needle  on  thefurface  of  the  earth  is/o  analo-* 
gous  to  that,  of  a  fmall  needle  upon  the  furface  of  a 
common  magnet  or  tcrrella,  as  to  ftrike  every  ob* 
ferver ;   idly,  The  magnetifm  which  iron  acquires 
by  its  pof]tioQ»  is  another  ftriking  indication  of  the 
«^rth's  magnetifm  ;  and  jdly,  The  vaft  maflcs  of 
iron,  in  various  ftates^  which  are  to  be  found  almoft 
cvjcry  where  in  the  bowels  of  the  earth,  and  which 
are  frcquenfly  ipagnctic,  prove  beyond  a  doubt  that 
the  earth  is  a  vaft  but  irregular  magnet,  and  that  its 
pnagnctifm  arifcs  from  the  magnetifm  of  all  the  fer* 
fp^pus  bodies  that  arp  contained  in  it  -,  fo  that  the 


magnetic 
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magnetic  poles  of  the  canh  iniift  be  confKlcred  as 
the  centres  or  collefted  powers  of  all  diofc  mag- 
netic ferruginous  fubftanccs.  It  follows  likewife 
that  according  as  thpfc  mafVes  of  iron  are  afFcfted 
by  heat  and  colJ,  by  dccompoljiion,  by  mixcure 
with  other  fubftances,  by  volcanos,  liv  earthquakes, 
or  mechanical  dcraogctpents,  &c.  fo  the  magnetic 
poles  of  the  earth  mull  Ihift  their  fituation  j  and 
this  is  tlie  caufe  of  the  variation  of  the  magnetic 
needle*. 

The-abore-tncmioned  caufcs  arc  fufficient  to  ac- 
count for  riic  daily,  or  hourly,  or  yearly  variations, 
though  it  13  not  and  perhaps  it  will  never  be  in  our 
powcrtu  determine  whacpart  of  the  effcft  is  due  to 
#ach  of  thofe  csiires,  or  what  is  the  preciie  rcfuk 
of  the  whole.  It  is  therefore  needlcfs  to  fuppofc, 
according  to  fomc  philofcphers,  th:.t  a  large  move- 
able magnet  is  contained  within  the  «art|i,  or  to  ad- 
tnit  other  hypothefes  ftill  lefs  probable. 

The  great  defidcratum  in  magnetics,  is  to  know 
the  caufe,  which,  in  a  magnet,  of  whatever  fort  it 
be,  produces  the  attra<^ion^-  repulfion,  £ec.  it  being 
wonderful  to  obferve  that,  by  the  mere  contaft,  or 
even  by  being  brought  within  a  ceruin  Ji0iioce  of 
a  magnet,  a  piece  of  Jlecl,  &c.  acquires  fevcral  re- 
.markable  properties,  which  it  afterwards  retain 


•  Sec  the  late  Dr.  Lorinier'5  attempt  to  explain  the  caufe 
of  the  variation  of  the  Magnetic  Needle  in  my  Tret  *e  oa 
Magneiiihi,  3d  Edition ;  alfo  page  254. 
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tvlch  great  obftinacy,  and  that  without  having  its 
weight,  (hape,  colour,  or  hardnefs,  a;ltcrcd  in  and 
fenfiblc  degree. 

Human  ingenuity  hds  contrived  abundance  of 
jiypoehefes  in  explanation  of  thofe  phdnomcna ;  but 
the  infuficiency  of  mod  of 'thetfi  renders  it  ufclefs  to 
ftarfe  then[i  in  this  work,  excepting  however  One 
which  was^  propofcd  by  Mr.  Aepinus,  and  which 
is  fimilar  t6  the  Franklinian  Theory  of  HledJri- 
city  ♦. 

The  attentive  reader  niuft  undoubtedly  have  re- 
marked fevcral  ftrong  points  of  analogy  between 
magnetifm  aiid  eleftricity  j  fuch  as  the  analogy 
between  the  tWb  poles  of  a  mdgnct  and  the  two 
elcftricities ;  the  atcraftion  which  takes  place  be- 
tween magnetic  poles  of  different  denominations 
analogous  to  the  attraftion  between  bodies  difFer'*^ 
cntly  elcftrified,  &c.  Now  Mr.  Aepinus  is  led  to 
imagine,  that  there  cxifts  a  fluid  produdlive  of  all 
the  magnetic  phenomena^  and  confequencly  to  be 
Called  the  magnetic  fluid  i  that  this  fluid  is  -fo'  very 
fubtile  as  to  penetrate  the  pores  of  all  bodies  ;  afnd 
that  it  b  of  an  elaftic  nature,  viz.  that  its  particles 
are  repulflve  of  each  other. 

He  farther  fuppofes,  that  there  is  a  mutual  at- 
tradioii  between  the  magnetic  fluid  and  iron,  or 


*  Acpini  Tcnumcn  Tbeori»  Eleftricis  ct  Maguctlfmr, 
chap.  I.  fea  III. 
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other  ferruginaus  bodies  j  but  ihat  no  other  fub- 
ftance  has  any  aftion  upon  this  fluid.  He  then  i*- 
fervcs,  that  there  is  a  great  deal  of  reremblajicc 
between  ferruginous  bodies  and  cledrics,  or  non- 
conduftors  of  ciedricity  -,  for  the  magnetic  fluid  paffcs 
with  difficulty  through  the  pores  of  the  former,  as  well 
as  the  eleftric  fluid  paffes  with  difficulty  through  the 
pores  of  the  latter.  However,  there  is  not  a 
body  which  has  any  aftion  on  the  magnetic  fluid, 
and  is,  at  the  fame  time,  analogous  to  non- 
eleftrics ;  for  inlliance,  there  is  not  a  body  which 
attracts  the  magnetic  fluid,  and  wiilch  is,  at  the 
feme  time,  permeable  by  that  fluid.  In  iron,  in- 
deed, a  kind  of  gradation  of  this  fort  icems  ro 
exifti  for  the  fjfter  the  iion  is,  the  more  freely 
docs  the  magnetic  fluid  pervade  its  pores,  and  vice 

^ccordjng  to  this  hypothefls,  iron,  and  all  fcf' 
nigjnous  fubllances,  contain  a  quantity  of  magnetic 
fluid,  which  is  equably  difperfed  through  their  ftd>- 
fianoc,  when  thofe  bodies  are  not  magnetic ;  ia 
which  ftate  they  (hew  no  attraflion  or  repulGoDf 
becaufe  the  repulGon  between  the  particles  of  the 
magnetic  fluid  is  balanced  by  the  attradion  be- 
tween the  matter  of  thole  bodies  and  the  liud  fluid, 
ia  which  cafe  thole  bodies  arc  &td  to  be  in  a. na- 
tural ftate.  But  when  in  a  ferruginous  body,  die 
quantity  of  magnetic  fluid  belonging  to  it,  v»  driven 
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to  one  end,  then  the  body  becomes  magnetic,  6nc 
tttremity  of  ic  being  now  overcharged  with  mag- 
iietic  fluid,  and  the  other  extremity  undercharged. 
Bodies  thus  conftitiited,  viz,  rendered  m^ignetic, 
exert  a  repulfion  between  their  overcharged  extre- 
mities, in  virtue  of  the  repulfion  between  the  par- 
ticles of  that  excefs  of  magnetic  fluid,  which  is 
more  than  fumcient  to  balance,  or  to  faturate,  the 
attraftion  of  their  matter.  There  is  an  attradbion 
exerted  between  the  overcharged  extremity  of  one 
magnetic  body,  and  the  undercharged  extremity  of 
the  other,  on  account  of  the  attraftion  between  the 
magnetic  fluid  and  the  matter  of  the  body ;  bur,  to 
ejtplain  the  repulfion  which  takes  place  between 
their  undercharged  extremities,  we.  muft  either 
imagine  that  the  particles  of  ferruginous  bodies, 
when  deprived  of  the  magnetic  fluid,  muft  be  re- 
pulflve  of  each  other,  or  that  the  undercharged  ex- 
tremities appear  to  repel  each  other,  only  becaufc 
cither  of  them  attradls  the  oppofite  overcharged  ex- 
tremity ;  both  which  fuppofitions  are  embarraflTcd 
with  difficulties. 

A  ferruginous  body,  according  to  this  hypothefis^ 
IS  rendered  magnetic  by  having  die  equable  difFu- 
fion  of  the  magnetic  fluid  difturbcd  throughout  its 
fubftance ;  fo  as  to  have  an  overplus  of  it  in  one  or 
more  parts,  and  adeficiency  of  it  i-n  one  or  more  other 
parts  :  and  it  remains  magnetic  as  long  as  its  im- 
permeability prevents  the  reftcration  of  the  equable 

difFufion 
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(JiffLilion  of  fluid,  or  of  the  balance  between  tliC 
overcharged  and  the  undercharged'parrs.  More- 
over, the  piece  of  iron  is  rendered  magnetic  by 
the  aftlon  of  a  magnet,  bccaufc,  when  the  over- 
chnrgcd  part  or  pole  of  the  magnet  is  prefcntcd 
io  it,  the  overplus  of  n.agnctic  fluid  in  that  pole 
repels  the  inagm-tic  fluid  away  ffom  the  ncarcft 
extremity  of  the  iron,  (vi  hich  tiiercforc  becomes  un- 
dercharged) to  a  more  remote  part  of  the  iron  which 
becomes  overcharged.  !f  the  iron  be  magnetized 
liy  the  contact  of  the  undercharged  fide  of  the  mag- 
net, then  the  matter  of  the  litter  attrafts  the  mag- 
netic fluid  of  die  iron  ttt  that  extremity  of  the  irori 
which  lies  nearcll  cd  itfclf. 

]n  a  Omilar  manner  you  may  explain  the  aftioA 
of  two  magnets  upon  each  other. 

I  fliall  conclude  this  chapter  by  obferving,  that 
the  magnet  has  not  been  found  to  have  any  a^ioi) 
whatever  upon  the  human  body,  and  of  courfe  the 
idle  ftories  of  its  being  beneficial  to  peribns  affliftcd 
with  the  tooth-ach,  or  with  white  fwellingsi  or  to 
parturient  women  ;  as  alio  of  the  wounds  infliifled 
with  i  magnetized  knife  being  mortal,  more  than  if 
the'knife  had  not  been  magnetic,  have  not  the  lead 
foundation  in  truth  or  experience.  The  barc>&ccd 
impofition  which  has  for  fcvcral  yeara  been  praflifed 
Under  the  name  c^  enimal  megnetijmj  is  another  ab- 
iurtiity. 

In  the  Reicb/tmzeigtTj  a  German  periodical  pub- 

licanon,  N"  CCXXII.  for  I7j)7,' it  is  faidi  chits 
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certain  perfon  having  an  artificial  magnet  fufpend^ 
td.from  the  wall  of  bis  ftudy,  with  a  piece  of  iron 
adhpring  to  it^  remarked^  for  fevcral  ycars^  that  the 
flies  in  the  room^  though  they  frequently  placed 
themfdves  on  other  iron  articlesi  never  fettled  upoa 
the  artificial  tnagnet. 
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Vm  eOH«TRITCTIOK  AKD  THE  USE  OF  THE  Miff* 
CIPAL  MAGNETICAL  INSTRUMENTS,  AS  ALS0 
THE  DESCRIPTION  OF  EXPtRlMENTS  USEFDL 
FOR    THE    ILLUSTRATION    OF    THE    SUBJECT. 

TH  E  magnctical  inftrumcnrs  may  be  reduc- 
ed to  three  principal  heads;  viz.  ift,  die 
magnets  or  magnetic  bars,  which  are  ncccflary  to 
magnetize  needles  of  compalTcs,  or  fuch  piecet  of 
fteel,  iron,  &c.  as  may  be  neceffary  for  divcrfe 
experiments ;  and  which  have  already  been  fuffi- 
cicntly  explained  in  the  preceding  pages;  adiy, 
^e ,  compafles,  fuch  as  are  ufcd  in  navi^tion, 
and  for  other  purpofes,  which  are  only  magnetic 
needles  nimbly  fufpended  in  boxcs^  and  which} 
according  to  the  purpofes  for  which  they  are  par- 
ticularly employed,  have  feveral  appendages,  or 
difTer  in  fize,  and  in  accuracy  of  divifions,  &c 
whence  they  derive  the  different  names  of  pocket 
compafics>  fleering  compaOes,  variaticm  compaflcs, 
and  azimuth  compalTes;  and  jdly,  the  dif^tii^ 
n=cdle  •. 

*  A  curious  contrivance,  which  is  at  once  a  dipping  and 
a  variatioD  needl?,  was  fooie  years  ago  made  by  tbe  late  Dr. 
Lorimer.  Sec  a  deTcription  of  it  in  the  PbU.  TnnC  yoL  65* 
or  in  my  TrcKtiTe  QiiMagnctifin. 

■  -       the 
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The  magnetic  needles,  which  are  commonly  u fed 
It  fea,  arc  between  four  and  fix  inches  long .;  but 
:hofc  which  iire  ufcd  for  obferving  thi  daily  varidtioni 
ire  made  a  litde  longer,  and  their  extremities  point 
he  variation  upon  ad  arch  or  circle  properly  di^ 
rided  and  affixed  to  the  box  *; 

The  beft  fhapc  of  a  magnetic  needle  \i  ricprefeht- 
rd  in  fig,  9  and  10,  Plate  XXV.  j  the  firft  of  which 
hei^s  the  tipper  fide,  and  the  fecond  fhews  a  lateral 
'icw  of  the  needle,  which  is  of  ftcel,  having  a  pretty 
arge  hole  in  the  rtiiddle,  to  which  a  conical  piece  of 
Lgate  is  adapted  by  means  of  a  brafs  piece  O,  int6 
vhich  this  a^ate  cap  (as  is  called)  b  fattened.  Then 
he  apex  of  this  hollow  c^p  refts  upon  the  point  of  a 
>in  F,  which  is  fixed  in  die  centre  of  the  box;  and 
ipon  which  the  needle,  being  projperly  balanced^ 
lirhs  yery  nimbly  f .  Foh  common  purpofes,  thofe 
leedles  have  a  conibal  perforation  niade  in  the  fteel 
tfelf,  or  in  a  piece  of  brafs  which  is  fiiftened  in  the 
niddle  of  the  needle  J. 

•  See  the  defcription  of  my  new  variation  compals  in  my 
Treatife  on  Magnetifm,  the  ad  or  3d  edition. 

f  It  mud  be  obferved)  that  the  needle  which  is  balanced 
before  it  is  magnetized,  will  lofe  its  balance,  by  being  mag- 
netized on  account  of  the  dipping,  as  iheWn  in  the  third 
rhapter ;  therefore  a  fmall  weight  or  ihoveable  piece  of  brafs 
s  placed  on  one  fide  of  the  needle^  as  Ibewn  in  fig.  10,  by 
be  ihi^ting  of  which,  either  nearer  to  or  farther  fi'om  the 
rentre,  the  needle  may  always  be  balanced. 

X  The  fimpleft  magnetic  needles  afe  made  of  common 
j^ing  needles  magnetized,  and  Iai<^  to  fwim  upon  water. 

0  0  2  A  mariner's 
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A  mariner's  compufih  of^amBfAffw0iMf 
tfcA  mk  Jboaid  of  iup,  k 
^XV«  ^^  1 1«  Toe  Inii^  winch 
Old  or  ^  «th  die  needk^  is  nade  of  a 
lomv  and  ddier  of  vpod».  orJba^ocLCoilMK  •Jf. 
k  fii(peiided  widiin  a  fi|oue  voodcn  btB»  bf  no^f 

|iy  crofi.axca  ^^^^  id  die  two  boace^  (^d« 
flaDb  %.  xs^  Pkte  XXV«)  diat  die  kner  om^ 
or«)oqpa&l)ox»  fliatt  retaio  an  horiaooni  pofiniw 
ioLalioioiiooiQfdie  fluD^'whilft  die  oaacr  orfiiaBic 
fapK  k  filed  widi  le^eft  CD  dit  flup.  ^ -.X 
\m  k  covensd  wkh  a  pane  of  glalv  >  owlerdl^ 
dieiDaciqn  of  die  Gvd  fluqr  1^ 
mod.    What  k  catted  die  caid»  k  a  drcnlar  p«e 
of  papcfj  which  ,k  fiiftcned  iqxm.  die  needle,  ami 
moves  widi  it.    Someiimes  there  is  a  (lender  rim 
of  bra&,  which  is  Sifteocd  to  the  extremities  of  the 
needle,  and  lervcs  to  keep  the  card  flretchcd.    The 
outer  edge  of  this  card  is  divided  into  360  equal 
parts  or  degrees,  and  within  the  circle  of  chofe  di- 
Tifions  it  is  again  divided  into  32  equal  parts,  or 
arcs,  which  are  called  the  fohits  rf  the  ctmpt^^  or 
rhumbs^  each  of  which  is  often  fubdivided  into  qutr- 
ters.    The  initial  letters  K,.N  £,  &c.  are  anoocd 
to  choie  rhumbs,  to  denote  the  North,  North  Eafti 
&c.    The  middkmoft  part  of  the  card  is  gcnenUf 
painted  with  a  fort  of  ftar,  whofe  rays  terminate  io* 
the  above-mentbned  dtvifions.  To  avoid  confufioo- 
on  thofe  letters,  &c.  are  not  drawn  in  the  figure. 
The  azimuth  compais  is  nothing  naore  than  die 

ab^vc* 
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above-menrioncd  compafi,  to  which  two  fights  arc 
adapted,  throng  which  the  fun  is  to  be  (cen,  in' 
order  to  find  its  azimuth^  and  from  thence  to  afcer- 
tain  the  declination  of  the  magnetic  needle  at  the 

* 

place  ofobfervation  ;  fee  fig.  13,  Plate  XXV.  The 
particulars  in  which  it  differs  from  the  ufual  com«> 
pafs,  are  the  fights  F,  G ;  in  one  of  whichj  G,  there 
is  an  oblong  aperture  with  a  perpendicular  thread  or 
wire  ftretched  through  its  middle  $  and  in  the  other 
fight  F,  there  is  a  narrow  perpendicular  flit.  The 
thread  or  wire  H I  is  ftretched  from  one  edge  of  thj: 
box  to  the  oppofite.  The  ring  A  B  of  the  gimbalds 
refts  with  its  pivots  on  the  femicircle  C  D,  the  foot 
E  of  wlych  turns  in  a  focket,  fo  that  whilft  the  box 
K  L  M  is  kept  fteady^  die  compafs  may  be  turned 
round,  in  order  to  place  the  fights  F,  G,  in  the  dir 
reftion  of  the  fiin*. 

There  are,  on  the  infidc  of  the  box,  two  lines 
4rawn  perpendicularly  along  the  fides  of  the  box, 
jufl:  from  the  points  where  the  thread  H I  touches 
the  edge  of  the  box.  Thefc  lines  fervc  to  (hew 
how  many  degrees  the  north  or  fouth  pole  of  the 
^eedle  is  diftant  from  the  azimuth  of  the  fun  $  for 
which  purpofe,  the  middle  of  thp  apertures  of  the 
0ghts  F, G,  the  thread  HI,  and  the  faid  lines, 

•  The  pivots  of  the  gimbalds  of  this,  as  well  9s  of  the 

Mnmon  fort  of  compaiTes,  (hould  lie  in  the  fame  pbne  with 

the  pbint  of  fufpenfion  of  the  needle,  in  order  to  avoid  as 

Aiuch  as  poSible  the  irregularity  of  the  vibrations. 

^  003  muft 
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mufl  be  cxaftly  in  the  fame  vertical  plane.  Thp 
ufe  of  the  thread  HI,  which  is  ofon  omitted  in  in- 
ftruments  of  this  ibrt)  is  likewife  to  fhcw  the  dct 
grees  between  thi;  magnetic  meridian  and  the  azi- 
muth, when  die  eye  of  the  obferver  flands  perpen- 
dicularly over  it.  On  the  fide  of  the  box  of  this 
fort  of  compaiTcs,  there  generally  is  a  nut  or  ftop, 
which,  when  pufhed  in,  bears  againft  the  card  and 
(lops  it,  in  order  that  the  divifions  of  the  card 
which  coincide  with  the  lines  in  the  box,  may  be 
more  fommodiouny  read  off*. 

The  dipping  needle,  though  of  late  much  im- 
proved, is  however  ftiU  far  from  perfcdion.  The 
general  mode  of  condruifttng  it  is  to  pafs  an  axis 
quite  through  tlie  needle,  to  let  the  extremities  of 
this  axis,  like  thofe  of  [he  beam  of  a  balance,  reft 
upon  its  fupports,  fo  thai:  the  needle  may  move 
itfelf  vertically  round,  aad  when  litiiaied  ia  the 
magnetic  rneridi^n,  ^t  niay  place  itfelf  ia  the  mag- 
netic line.  The  degr^s  of  inctinadqn  are  fhewD 
upon  a  (divided  circle,  in  the  centre  of  wjiich  the. 
needle  is  (Mfpended.  Fig.  i^,  Plate  3^XV.  reprt- 
fents  a  dipping  .pcedle  of  the  limpleft  conftruftion  i 
A  B  is  the  needle,  the  axis  of  which  FE  refts  upon 
the  middle  of  two  lateral  bars  C  O,  C  D,  which  arc 
made  faft  to  the  frame  that  contains  the  divided 


•  What  the  azimuth  of  a  cekfiial  objcd  is,  and  how  it 
fi»7  be  alcmained,  wiU  be  Qmhii  in  the  next  voliuv  of  thi| 
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circle  AIBKi  This  machine  b  fixed  on  a  ftanci 
G  %  but^  when  ufed  at  Tea,  it  is  fufpended  by  a  ring 
H,  fo  as  to  hang  perpendicularly.  When  the  in- 
(trument  is  furniihed  with  a  (landi  a  fpirit  level  O  i$ 
gienerally  annexed  to  it>  and  the  {land  has  three 
fcrews,  by  which  the  inftrument  is  fitqatcd  fo  that 
the  centre  of  motion  of  the  needle>  and  the  divifioq 
qf  90'  on  the  Ipwcr  part  of  the  divided  circle,  may 
be  exa^ly  \n  the  fame  line,  perpendicular  t9  thc« 
horizon. 

.The  greateft  imperfeAions  of  this  inftrument  is 
the  balancing  of  the  needle,  and  the  difficulty  of 
afcertaining  whether  the  needle  retains  its  ecjuipoile* 
In  making  the  obfervation  of  the  dip  at  any  parti^ 
cular  placey  the  bed  method  to  avoid  the  error  ari- 
fihg  from  the  want  of  balance,  is,  firft  to  obferve 
the  dip  of  the  needle,  then  to  reverfe  its  mag-, 
netifm,  by  the  application  of  magnepc  bars,  fo  that 
the  ^nd  of  the  needle,  which  before  ^as  elevated 
s^bove  the  Horizon,  may  now  be  below  it;  and 
laftly,  to  obferve  its  dip  again;  for  a  mean  of  the 
(WO  obfervations  will  be  pretty  near  the  truth, 
though  the  needle  may  not  be  perfcftly  balanced. 

The  few  experiments  which  follow,  are  princi- 
pally intended  to  illuftr^te  the  theory.  As  for  en- 
pdrtaining  m^gnetical,  experiments,  the  ingenious 
reader  may  eafily  derive  thcip  from  the  general  fub- 
je£t  which  has  been  already  explained. 

I.  The  method  of  difcovering  whether  a  body  is 
^ttr^£tib}e  by  the  magnet  or  not,  and  whether  it  has 

any 
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any  polarity  or  nor,  or  which  is  its  fouth,  and  which 
its  north  pole,  is  lb  eafily  pcrformt-d  as  not  to  re- 
quire many  words  ;  for  by  approaching  a  magnet 
to  the  body  in  qucftion  (which,  if  nece(rjry,nuy  be 
fet  to  fwim  upon  water),  or  byprcfcniing  the  body 
in  qucftion  to  either  extremity  of  a  fulpcnded  mag- 
netic neeclie,  the  defired  objcfl:  may  be  obtained. 

a.  Tie  two  pieces  of  fofc  iron  wire,  A  B,  A  B, 
fig.  15  and  16,  Plate XXV.  each  to  a  fcparate  thiead, 
AC,  AC,  which  join  at  rop,  and  forming  them 
iritoa  loop,  fufpend  chcm  fo  as  to  hang  freely.  Then 
bring  the  marked  end  D,  which  is  the  north,  of* 
magnetic  b.ir,  jwft  under  diem,  and  the  wires  will 
immediately  repct  each  oiher,  as  Oiewn  in  fig.  16: 
and  this  dirergency  will  incrcafe  to  a  certain  limit, 
according  ds  the  magnet  is  brought  nearer,  and  via 
'L'erfa.  The  reafon  of  this  phenomenon  is  that,  by  the 
afttonofthe  north  magnetic  poleD*  both  the  extre- 
mities B,  B,  of  the  wires,  acquire  the  fame,  viz.  the 
fouth  polirity  j  confcquently  they  repel  each  other ;  ' 
and  the  extremities  A,  A,  acquire  the  north  pola- 
rity, in  tonfcqwence  of  which  they  alfo  repel  each 
other. 

If  inftead  of-  ilie  north  pole  D,  you  prefent  the 
fotfth  pole  of  the  magnetic  bar,  the  repulGon  wiU 
take  place  as  before ;  but  nbw  the  extremities  B,  B, 
aCqmre  the  north,  and  the  extremities  A,  A,  acquire 
the  fouth,  polarity. 

On  removing  the  magnet,   the  wires,  if  of  foft 

ir6n,wUl  focn  cotlapfe^  having  toft  «U  their  magnetic 
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|K>wer;  but  if  fteel  wires,  or  common  fewing  needles 
be  ufed,  they  will  continue  to  repel  each  other  after 
the  removal  of  the  nnagnet;  the  magnetic  power  be- 
ing retained  by  fteeL 

3.  Lay  a  fheet  of  paper  flat  upon  a  table,  (trew^ 
fome  iron  filings  upon  the  paper,  place  a  fmall  mag- 
net among  them ;  tbcn^  give  a  few  gende  knocks  to 
the  table,  fo  as  to  (hake  the  filings,  and  you  will  f;nd 
that  they  difi)ofe  themfelves  iibout  the  magnet  NS, 
as  fliewn  in  fig.  17^  Plate  XXV.  the  particles  of 
iron  clinging  to  one  another,  and  forming  themfelves 
into  lines,  which  at  the  very  poles  N,  S^  are  in  the 
famediredion  with  the  axis  of  the  magnet  ^  a  little 
fideway  of  the  poles  they  begin  to  bend,  and  then 
they  form  complete  arches,  reaching  from  fonic 
()oint  in  the  northern  half  of  the  magnet,  to  fomc 
other  point  in  the  fouthern  half.  The  reafon  of 
this  phenomenon  is  not,  as  Ibme  perfons  imagine^ 
that  a  current  of  fluid  iflues  from  one  pole  and  en- 
ters at  the  other  pole  of  the  magnet  j  for  if  that 
were  the  cafe,  the  iron  filings  wotild  be  all  driveiv 
upon  one  of  the  poles.  But  the  true  reafon  is,  that 
each  of  the  particles  of  iron  is  become  aftually 
magnetic,  and  pofieflfed  of  the  two  poles,  in  confe-*^ 
quence  of  which  each  particle>  at  the  placb  where  it 
happens  to  ftand,  difpofes  itfelf  in  the  fame  manner 
as  any  other  magnet  would  do ;  and  moreover  at« 
trads  with  its  extremides  the  contrary  poles  q(  other 
particles. 

.  4*  Take  a  ftrong  magnet,  and  find  out  by  trial 
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fbch  a  piece  of  iron  as  is  very  little  heavier  than  vrhit 
tht  magntft  will  fuppbrt.  It  is  plain,  tliat  If  you  affii 
this  iron  to  one  pole  of  the  inagncc,  the  [iiomcnt  yovt 
remove  your  hand  the  iron  will  dropoff;  but  i^ 
before  you  remove  your  hand,  you  prel'ent  another 
larger  piece  of  iron  to  the  under  part  of  the  former, 
and  at  about  half  op  inch  from  it,  you  will  then  find 
that  the  magnet  will  be  able  to  fupport  the  ftrft  piece 
of  iron  which  it  could  not  I'upport  before,  when  the 
Secondary  piece  of  iron  Hood  not  below  it.  In  Ihorc, 
a  magnet  can  life  a  greater  weight  of  iron  fi  o^ti  over 
another  piece  of  iron,  fuch  as  an  anvil  or  the  like, 
than  from  a  table  ;  the  reafon  of  which  is,  that  in 
the  former  cafe,  the  iron  bafis  or  inferior  piece  of 
hon,  becoming  iifelf  in  fbme  mcafure  magnetic, 
helps  to  incrcalc  the  magnetifm  of  tlie  firft  piece  of 
iron,  and  coiifcqueiitly  -tends  to  inereife  the;  at- 
traAion. 

5.  Place  a  magtietic  bar  AB>  tig.  1 8,  Plate XXVj 
fo  that  one  of  its  poles  may  projeft  a  fhort  way  be- 
yond the  i;ablc,  and  apply  an  iron  weigltt  G  to  it; 
then  take  another  magnetic  bar,  DE,  like  the 
former,  and  bring  ic  paTaIki  to  and  juft  over  the 
other,  at  a  little  didancey  and  with  the  contrary  pides 
towards  each  other;  in  confequence  of  which  die  at< 
traction  of  B  wtU  be  diminiihedy  and  the  iron  C,  if 
Aiffictently  heaTy,  will  drop  oS,  the  magnet  AB  be^ 
ing  then  only  able  co  fupport  a  funaller  piece  of  i[,on.* 
By  bringing  the  magnets  ftill  nearer  to  each  ochcr^ 
the  attra£^ion  of  B  wiU,be  diminiflied  fURfcrdicr), 

and/ 


Magnetical  Expmmettisi  5/I 

flndj  when  the  two  magnets  come  quitef  intb'dontaft/ 
(provided  they  are  equal  in  power)  the  attradSoA  be- 
tween B  and  C  will  vanifh  entirely  ;  but  if  the  ex*^ 
periment  be  repeated  with  this  difference,  viz.  that 
the  homologous  poles  of  the  magnets  be  brought 
towards  each  other,  then  the  attradbion  between 
B  and  C,  inftead  of  being  diminifhed,  will  be  in<» 
creafed* 

6.  Let  an  iron  wife  of  about  a  quarter  of  an  inch 
in  diameter,  and  4  or  5  inches  long,  be  bent  fomc- 

I 

what  like  a  Gothic  arch,  viz.  with  a  fharp  comer  in 
the  middle,  as  ABC,  fig.  19,  Plate  XXV.  and  tic 
it  faft  to  any  proper  ftand,  or  let  an  afliftant  hold  it, 
with  the  corner  downwards;  then  apply  either' pole 
of  the  magnet  DE  to  one  of  its  extremities  A,  and 
whilft  the  magnet  remains  in  that  ficuation,  apply  a 
piece  of  iron  H,  of  no  great  fize,  to  the  corner  C, 
and  you  will  find  that  the  iron  remains  fu(pended» 
Now,  if  another  magnet  be  applied  to  t;hc  other  ex- 
tremity B  of  the  crooked  iron,  fo  that  the  pole  G 
may  be  contrary  to  the  pole  E,  the  iron  H  will  im- 
mediately drop  off;  but  if  the  pole  G  be  analogous 
to  the  pole  E,  viz,  be  both  fouth  or  both  north,  then 
the  iron  H  not  only  will  remain  adhering  to  C,  but 
the  faid  corner  will  be  capable  of  fuppOrting  a 
weight  ftill  greater  than  H.  The  reafon  of  which 
is,  that  in  the  former  cafe  the  extremities  A  -and  B, 
of  the  bent  iron,  being  poffcffcd  of  different  polari- 
ties, the  corner  C  became  the  magnetic  centre, 
vlicrc  there  is  no  attraftion  nor  repulfion  ;  whereas 
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